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Abstract
We give a quantum circuit interpretation of evaporating black hole geometry.
We make an analogy between the appearance of island for evaporating black hole
and the transition from two-sided to one-sided black hole in the familiar example
of perturbed thermofield double. If Alice perturbs thermofield double and waits for
scrambling time, she will have a one-sided black hole with interior of her own. We
argue that by similar mechanism the radiation gets access to the interior (island
forms) after Page time. The growth of the island happens as a result of the constant
transitions from two-sided to one-sided black holes.
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1 Introduction
In the recent work of [1] and [2], the authors studied the geometry of an evaporating black
hole. They found that there is a jump of the location of RT surface around Page time. In
this paper we give an interpretation of this geometry from the point of view of quantum
circuit.
Consider an evaporating black hole formed from a pure state as discussed in [1, 2].
Before Page time, the RT surface is empty set and the interior is inside the entanglement
wedge of the black hole. After Page time, the interior is mostly inside the entanglement
wedge of the radiation due to the appearance of an island [3].
This may seem puzzling from the point of view of radiation since just after the transition
we have a large jump in the size of the region contained in its entanglement wedge. Why
is it that adding a few more qubits to the radiation gives rise to such large change? Why
does the bulk region belonging to the radiation (island in [3]) keep growing after Page time
while the radiation itself doesn’t do any computations? In this paper we will answer these
questions from the point of view of quantum circuit.
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For a holographic state with a bulk dual, the bulk geometry reflects the minimal circuit
preparing the state [4] [5] [6]. From studying the uncomplexity of subsystems, we identify
different parts of the quantum circuit as belonging to different subsystems [7].
In section 2, we briefly review some ideas about quantum circuit we use in this paper. In
particular, we will identify different parts of the quantum circuit as belonging to different
subsystems. We revisit the familiar example of perturbed thermofield double and look at
the transition from two-sided to one-sided black hole1 after scrambling. In section 3 we
apply these ideas to evaporating black holes. We will see that the appearance of the island
belonging to the radiation [3] can also be understood as a transition from two-sided to
one-sided black hole. As evaporation continues, such transitions constantly happen and
as a result the island keeps growing.
The difference is that, for perturbed thermofield double, the scrambling is a result of
future time evolution. For evaporating black hole, the scrambling is done by the existing
circuit stored in the wormhole on a spatial slice.
2 Review of quantum circuit
2.1 Bulk tensor network and quantum circuit
In [4], Swingle argued that AdS bulk geometry reflects a MERA-like tensor network prepar-
ing the CFT ground state. In [5], Hartman and Maldacena made a connection between
tensor network and time evolution. They pointed out that for thermofield double, the
Hamiltonian evolution at thermal scale make up the tensor network corresponding to the
interior geometry.
In [6], Susskind described a quantum circuit model of black hole time evolution. Figure
1 illustrates the evolution of thermofield double.2 The initial state is a product of Bell
pairs and the red lines represent gates on two qubits.
1In this paper, when we say Alice has a one-sided black hole at some time, we mean that if she jumps
into the black hole at that time, her experience can be completely determined by the operations on her
side. We will discuss this in more detail later.
2This figure is from [8]. I thank Leonard Susskind for allowing me to use this figure.
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Figure 15: Quantum circuit modeling the evolution of the TFD state. The initial state
is a product of Bell pairs shared between the left and right sides. Each side evolves
independently of the other.
and the depth is the amount of time the system has evolved.
Tensor networks are thought of as existing in bulk space–at a fixed instant which
represent the state at that time [18][19][14]. If one wants to vary the time one updates the
tensor network by hand.
But from an abstract point of view tensor networks and quantum circuits are close
relatives. In fact a quantum circuit is a particular type of tensor network in which the
vertices are unitary matrices. Indeed there is evidence that the TN representation of many
states is just the QC that one would use to evolve the state from a simple starting point.
In the context of black holes it seems that the TN representing the state of an ERB is
exactly the QC representing the evolution up to that time. We can take the example of
the QC in figure 15. All we have to do to make a TN description of the ERB at time t is
to lift it so that it is stretched across the space between the two endpoints. A crude sketch
of this is in figure 16.
More precisely the TN can be laid out to fill the maximal surface connecting the
boundary points at t on the left and right side. In this way we represent the state at t
by a tensor network in the manner of Hartman and Maldacena. As time increases we add
more to the ends of the TN in the left and right corners. The minimal quantum circuit
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Figure 1: A quantum circuit representing the time evolution of thermofield double.
Susskind pointed out that once we lift the quantum circuit in Figure 1 and lay it on
a spatial slice, we get a tensor network description of wormhole at time t. Figure 2 is
also from [6]. The gates in the quantum circuit of Figure 1 become tensors in the tensor
network representing the wormhole (ERB) at time t. In what follows, we will say that the
gates are stored in the wormhole.
3
Figure 16: The quantum circuit in figure 15 can be lifted up to the maximal slice where
it defines a tensor network description of the ERB.
will translate in this way to the minimum tensor network representation of the state.
We may think of the TNs as networks of cables, each containing K strands. The
cable networks have a coarse-grained geometry to them. Roughly speaking the metric
represents the minimum number of edges connecting nearby points. It may be thought of
as a discretization of the spatial geometry of the ERB. However this only makes sense for a
black hole far above the Hawking page transition. The geometry is coarse-grained so that
the cable thickness represent a resolution no finer than the ADS scale l. Finer resolution
is encoded in the substructure of the cables in a non-local manner.
The geometry of the TN is connected with the Einstein geometry of the maximal slice.
Roberts, Stanford, and I [9][7] have devoted several papers to confirming the following
proposition:
The geometry of the minimal tensor network (equivalently the minimal quantum cir-
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Figure 2: Quantum circ iti in Figure 1 becomes the ensor network representing ERB at
time t.
2.2 Quantum circuit belonging to diff rent subsy tems
When the system is composed of tw parts A and B, we can identify part of the quantum
circuit as belonging to subsystem A and part of the circuit as belonging to subsystem B.
As argued in [9], the growth of the black hole interior is fueled by the uncomplexity
of a state [10]. When the system is composed of two parts: A and B, we can look at the
uncomplexity of each subsystem [7]. Th unitary operations on A that cannot be undone
by B will contribute to A’s uncomplexity. The unitary operations on B that cannot be
undone by A contribute to B’s uncomplexity. Those unitary operations that can be done
from both sides do not belong to any one subsystem alo e. Consequently, when there is a
quantum circuit connecting A and B, we identify those gates that can be undone from A
but not from B as belonging to subsystem A, those gates that can be undone from B but
not from A as belonging to subsystem B.
This has a holographic interpretation. Consider combined AB system in a pure state
|ψ〉 with a dual bulk geometry. The bulk geometry reflects the minimal tensor network
preparing this state. In [7] we made the following observations related to subregion duality
[11].
In Figure 3, the blue dot represents the RT surface whose area gives the entanglement
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entropy between subsystems A and B. The gates in the tensor network that can be undone
from A but not from B are stored inside A’s entanglement wedge (red region in Figure
3). The gates that can be undone from B but not from A are stored in B’s entanglement
wedge (pink region in Figure 3). The gates that can be undone from both sides do not
belong to either subsystem. They are stored in the entanglement region which is out of
both entanglement wedges (orange region in Figure 3).
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Figure 3
In this paper we will study evaporating black hole from these observations.
2.3 Perturbed thermofield double: Transition from two-sided to
one-sided black hole
In [7] we studied the following example of thermofield double perturbed by a simple gate
[12]. We briefly review it here as in the next section we will draw analogy with the
appearance and growth of island in case of an evaporating black hole.
We start from thermofield double shared between Alice and Bob. Alice has subsystem
A and Bob has subsystem B. In terms of quantum circuit Alice and Bob share S Bell
pairs. At this stage they have zero uncomplexity as their computations can be undone by
each other. Figure 4 shows the corresponding quantum circuit and wormhole geometry at
tL = tR = 0. The wormhole is shortest at this time.
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<latexit sha1_base64 ="XLDdXUJaI6gj7aVGL0BySmeEd5Q=">AAACDXi cbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZceOygv2 BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZ uFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e /sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAokt ILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ 9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dw E/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU /DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG 6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW 2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5Xa ZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58 OJ/z1YKT3xyThXG+fgEFWZyM</latexit><latexit sha1_base64 ="XLDdXUJaI6gj7aVGL0BySmeEd5Q=">AAACDXi cbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZceOygv2 BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZ uFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e /sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAokt ILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ 9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dw E/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU /DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG 6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW 2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5Xa ZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58 OJ/z1YKT3xyThXG+fgEFWZyM</latexit><latexit sha1_base64 ="XLDdXUJaI6gj7aVGL0BySmeEd5Q=">AAACDXi cbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZceOygv2 BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZ uFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e /sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAokt ILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ 9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dw E/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU /DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG 6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW 2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5Xa ZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58 OJ/z1YKT3xyThXG+fgEFWZyM</latexit><latexit sha1_base64 ="XLDdXUJaI6gj7aVGL0BySmeEd5Q=">AAACDXi cbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZceOygv2 BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZ uFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e /sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAokt ILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ 9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dw E/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU /DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG 6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW 2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5Xa ZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58 OJ/z1YKT3xyThXG+fgEFWZyM</latexit> B
<latexit sha1_base64 ="iGX6Bx3v61qkwqOtn8OAMxBuSuo=">AAACDXi cbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZdOOygv2 BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZ uFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e /sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAokt ILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ 9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dw E/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU /DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG 6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW 2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5Xa ZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58 OJ/z1YKT3xyThXG+fgEG/JyN</latexit><latexit sha1_base64 ="iGX6Bx3v61qkwqOtn8OAMxBuSuo=">AAACDXi cbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZdOOygv2 BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZ uFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e /sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAokt ILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ 9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dw E/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU /DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG 6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW 2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5Xa ZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58 OJ/z1YKT3xyThXG+fgEG/JyN</latexit><latexit sha1_base64 ="iGX6Bx3v61qkwqOtn8OAMxBuSuo=">AAACDXi cbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZdOOygv2 BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZ uFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e /sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAokt ILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ 9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dw E/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU /DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG 6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW 2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5Xa ZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58 OJ/z1YKT3xyThXG+fgEG/JyN</latexit><latexit sha1_base64 ="iGX6Bx3v61qkwqOtn8OAMxBuSuo=">AAACDXi cbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZdOOygv2 BNpTJ9KYdOpmEmRuxhD6D4FZfw5249Rl8Cx/BaZ uFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e /sH5cOjpolTzaHBYxnrdsAMSKGggQIltBMNLAokt ILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ 9MoVt+rOhq6Cl0OF5FPvlX+6/ZinESjkkhnT8dw E/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU /DWNunkM7UvxcZi4wZR4HdjBgOzbI3Ff/1kuHYCG 6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW 2BcC/sTyodMM462wJKtyFsuZBWaF1XPrXr3l5Xa ZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58 OJ/z1YKT3xyThXG+fgEG/JyN</latexit>
(b) Wormhole geometry
<latexit sha1_base64="r9lvLIknv4D1PjHO5Z qWNYtUzcU=">AAACI3icbZDLSgNBEEV7fBtfoy510RgE3YQZEXQpuHEZwTzADKGnU0kau6eH7hpxGL LxXwS3+hvuxI0L/8FPsJPMwldBweHeKqi6cSqFxSB492Zm5+YXFpeWKyura+sb/uZW0+rMcGhwLbVpx 8yCFAk0UKCEdmqAqVhCK745H/utWzBW6OQK8xQixQaJ6AvO0Eldf7eDcIfFQXxIW9qooZZAB6AVoMlH Xb8a1IJJ0b8QllAlZdW7/menp3mmIEEumbXXYZBiVDCDgksYVTqZhZTxGzaAa4cJU2CjYvLFiO47pU f72rhOkE7U7xsFU9bmKnaTiuHQ/vbG4r9eOsyt4NZ5Jf28A/unUSGSNENI+PSMfiYpajoOjPaEAY4yd 8C4Ee4TyofMMI4u1oqLKPwdyF9oHtXCoBZeHlfPgjKsJbJD9sgBCckJOSMXpE4ahJN78kieyLP34L1 4r97bdHTGK3e2yY/yPr4ABiuk7A==</latexit><latexit sha1_base64="r9lvLIknv4D1PjHO5Z qWNYtUzcU=">AAACI3icbZDLSgNBEEV7fBtfoy510RgE3YQZEXQpuHEZwTzADKGnU0kau6eH7hpxGL LxXwS3+hvuxI0L/8FPsJPMwldBweHeKqi6cSqFxSB492Zm5+YXFpeWKyura+sb/uZW0+rMcGhwLbVpx 8yCFAk0UKCEdmqAqVhCK745H/utWzBW6OQK8xQixQaJ6AvO0Eldf7eDcIfFQXxIW9qooZZAB6AVoMlH Xb8a1IJJ0b8QllAlZdW7/menp3mmIEEumbXXYZBiVDCDgksYVTqZhZTxGzaAa4cJU2CjYvLFiO47pU f72rhOkE7U7xsFU9bmKnaTiuHQ/vbG4r9eOsyt4NZ5Jf28A/unUSGSNENI+PSMfiYpajoOjPaEAY4yd 8C4Ee4TyofMMI4u1oqLKPwdyF9oHtXCoBZeHlfPgjKsJbJD9sgBCckJOSMXpE4ahJN78kieyLP34L1 4r97bdHTGK3e2yY/yPr4ABiuk7A==</latexit><latexit sha1_base64="r9lvLIknv4D1PjHO5Z qWNYtUzcU=">AAACI3icbZDLSgNBEEV7fBtfoy510RgE3YQZEXQpuHEZwTzADKGnU0kau6eH7hpxGL LxXwS3+hvuxI0L/8FPsJPMwldBweHeKqi6cSqFxSB492Zm5+YXFpeWKyura+sb/uZW0+rMcGhwLbVpx 8yCFAk0UKCEdmqAqVhCK745H/utWzBW6OQK8xQixQaJ6AvO0Eldf7eDcIfFQXxIW9qooZZAB6AVoMlH Xb8a1IJJ0b8QllAlZdW7/menp3mmIEEumbXXYZBiVDCDgksYVTqZhZTxGzaAa4cJU2CjYvLFiO47pU f72rhOkE7U7xsFU9bmKnaTiuHQ/vbG4r9eOsyt4NZ5Jf28A/unUSGSNENI+PSMfiYpajoOjPaEAY4yd 8C4Ee4TyofMMI4u1oqLKPwdyF9oHtXCoBZeHlfPgjKsJbJD9sgBCckJOSMXpE4ahJN78kieyLP34L1 4r97bdHTGK3e2yY/yPr4ABiuk7A==</latexit><latexit sha1_base64="r9lvLIknv4D1PjHO5Z qWNYtUzcU=">AAACI3icbZDLSgNBEEV7fBtfoy510RgE3YQZEXQpuHEZwTzADKGnU0kau6eH7hpxGL LxXwS3+hvuxI0L/8FPsJPMwldBweHeKqi6cSqFxSB492Zm5+YXFpeWKyura+sb/uZW0+rMcGhwLbVpx 8yCFAk0UKCEdmqAqVhCK745H/utWzBW6OQK8xQixQaJ6AvO0Eldf7eDcIfFQXxIW9qooZZAB6AVoMlH Xb8a1IJJ0b8QllAlZdW7/menp3mmIEEumbXXYZBiVDCDgksYVTqZhZTxGzaAa4cJU2CjYvLFiO47pU f72rhOkE7U7xsFU9bmKnaTiuHQ/vbG4r9eOsyt4NZ5Jf28A/unUSGSNENI+PSMfiYpajoOjPaEAY4yd 8C4Ee4TyofMMI4u1oqLKPwdyF9oHtXCoBZeHlfPgjKsJbJD9sgBCckJOSMXpE4ahJN78kieyLP34L1 4r97bdHTGK3e2yY/yPr4ABiuk7A==</latexit>
(a) Quantum circuit
<latexit sha1_base64 ="ODqKA+SLdfTF2OScuXBMZqdog24=">AAACIXi cbZDLSsNAFIYn9VbrLepON4NFqJuSiKDLghuXLdg LtKFMppN26GQSZk7EEAq+i+BWX8OduBNfwkdw2m ZhWw8c+Pj/c+Cc348F1+A4X1ZhbX1jc6u4XdrZ3 ds/sA+PWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6g rX98e3Ubz8wpXkk7yGNmReSoeQBpwSM1LdPesAe IauQC9xIiIQkxJQrmnCY9O2yU3VmhVfBzaGM8qr 37Z/eIKJJyCRQQbTuuk4MXkYUcCrYpNRLNIsJHZ Mh6xqUJGTay2Y/TPC5UQY4iJRpCXim/t3ISKh1Gv pmMiQw0sveVPzXi0ep5lQbL6fFOyC48TIu4wSYp PMzgkRgiPA0LjzgilEQqQFCFTefYDoiilAwoZZM RO5yIKvQuqy6TtVtXJVrTh5WEZ2iM1RBLrpGNXSH 6qiJKHpCL+gVvVnP1rv1YX3ORwtWvnOMFsr6/gU /4KP8</latexit><latexit sha1_base64 ="ODqKA+SLdfTF2OScuXBMZqdog24=">AAACIXi cbZDLSsNAFIYn9VbrLepON4NFqJuSiKDLghuXLdg LtKFMppN26GQSZk7EEAq+i+BWX8OduBNfwkdw2m ZhWw8c+Pj/c+Cc348F1+A4X1ZhbX1jc6u4XdrZ3 ds/sA+PWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6g rX98e3Ubz8wpXkk7yGNmReSoeQBpwSM1LdPesAe IauQC9xIiIQkxJQrmnCY9O2yU3VmhVfBzaGM8qr 37Z/eIKJJyCRQQbTuuk4MXkYUcCrYpNRLNIsJHZ Mh6xqUJGTay2Y/TPC5UQY4iJRpCXim/t3ISKh1Gv pmMiQw0sveVPzXi0ep5lQbL6fFOyC48TIu4wSYp PMzgkRgiPA0LjzgilEQqQFCFTefYDoiilAwoZZM RO5yIKvQuqy6TtVtXJVrTh5WEZ2iM1RBLrpGNXSH 6qiJKHpCL+gVvVnP1rv1YX3ORwtWvnOMFsr6/gU /4KP8</latexit><latexit sha1_base64 ="ODqKA+SLdfTF2OScuXBMZqdog24=">AAACIXi cbZDLSsNAFIYn9VbrLepON4NFqJuSiKDLghuXLdg LtKFMppN26GQSZk7EEAq+i+BWX8OduBNfwkdw2m ZhWw8c+Pj/c+Cc348F1+A4X1ZhbX1jc6u4XdrZ3 ds/sA+PWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6g rX98e3Ubz8wpXkk7yGNmReSoeQBpwSM1LdPesAe IauQC9xIiIQkxJQrmnCY9O2yU3VmhVfBzaGM8qr 37Z/eIKJJyCRQQbTuuk4MXkYUcCrYpNRLNIsJHZ Mh6xqUJGTay2Y/TPC5UQY4iJRpCXim/t3ISKh1Gv pmMiQw0sveVPzXi0ep5lQbL6fFOyC48TIu4wSYp PMzgkRgiPA0LjzgilEQqQFCFTefYDoiilAwoZZM RO5yIKvQuqy6TtVtXJVrTh5WEZ2iM1RBLrpGNXSH 6qiJKHpCL+gVvVnP1rv1YX3ORwtWvnOMFsr6/gU /4KP8</latexit><latexit sha1_base64 ="ODqKA+SLdfTF2OScuXBMZqdog24=">AAACIXi cbZDLSsNAFIYn9VbrLepON4NFqJuSiKDLghuXLdg LtKFMppN26GQSZk7EEAq+i+BWX8OduBNfwkdw2m ZhWw8c+Pj/c+Cc348F1+A4X1ZhbX1jc6u4XdrZ3 ds/sA+PWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6g rX98e3Ubz8wpXkk7yGNmReSoeQBpwSM1LdPesAe IauQC9xIiIQkxJQrmnCY9O2yU3VmhVfBzaGM8qr 37Z/eIKJJyCRQQbTuuk4MXkYUcCrYpNRLNIsJHZ Mh6xqUJGTay2Y/TPC5UQY4iJRpCXim/t3ISKh1Gv pmMiQw0sveVPzXi0ep5lQbL6fFOyC48TIu4wSYp PMzgkRgiPA0LjzgilEQqQFCFTefYDoiilAwoZZM RO5yIKvQuqy6TtVtXJVrTh5WEZ2iM1RBLrpGNXSH 6qiJKHpCL+gVvVnP1rv1YX3ORwtWvnOMFsr6/gU /4KP8</latexit>
tR
<latexit sha1_base64="ojWt2pZpKFc6EH1Nxw 4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS 8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslIt wNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJP tx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdj OkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85 UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE =</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw 4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS 8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslIt wNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJP tx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdj OkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85 UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE =</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw 4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS 8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslIt wNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJP tx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdj OkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85 UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE =</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw 4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS 8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslIt wNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJP tx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdj OkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85 UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE =</latexit>
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Figure 4: We represent thermofield double by S Bell pairs.
As we increases tL or tR, the minimal quantum circuit preparing the state gets longer
((a) in Figure 5). The circuit is stored on the wormhole and the wormhole also gets longer
((b) in Figure 5). Notice that the gates stored in the quantum circuit can be undone from
both A and B. Correspondingly, the wormhole can be shortened from both A and B. The
interior region (orange line in Figure 5) does not belong to either A and B. It belongs to
the union and A and B by the miracle of ER = EPR [13].
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<latexit sh a1_base64="XLDdXUJaI 6gj7aVGL0BySmeEd5Q=" >AAACDXicbZDNSsNAFIU n9a/Wv6pLN4NFcFUSEXR ZceOygv2BNpTJ9KYdOpm EmRuxhD6D4FZfw5249Rl 8Cx/BaZuFbb0w8HHOvXD mBIkUBl332ymsrW9sbhW 3Szu7e/sH5cOjpolTzaH BYxnrdsAMSKGggQIltBM NLAoktILR7dRvPYI2IlY POE7Aj9hAiVBwhlZqdxG eMLuZ9MoVt+rOhq6Cl0O F5FPvlX+6/ZinESjkkhn T8dwE/YxpFFzCpNRNDSS Mj9gAOhYVi8D42SzvhJ5 ZpU/DWNunkM7UvxcZi4w ZR4HdjBgOzbI3Ff/1kuH YCG6sl9NiDgyv/UyoJEV QfB4jTCXFmE6roX2hgaM cW2BcC/sTyodMM462wJK tyFsuZBWaF1XPrXr3l5X aZV5WkZyQU3JOPHJFauS O1EmDcCLJC3klb86z8+5 8OJ/z1YKT3xyThXG+fgE FWZyM</latexit><latexit sh a1_base64="XLDdXUJaI 6gj7aVGL0BySmeEd5Q=" >AAACDXicbZDNSsNAFIU n9a/Wv6pLN4NFcFUSEXR ZceOygv2BNpTJ9KYdOpm EmRuxhD6D4FZfw5249Rl 8Cx/BaZuFbb0w8HHOvXD mBIkUBl332ymsrW9sbhW 3Szu7e/sH5cOjpolTzaH BYxnrdsAMSKGggQIltBM NLAoktILR7dRvPYI2IlY POE7Aj9hAiVBwhlZqdxG eMLuZ9MoVt+rOhq6Cl0O F5FPvlX+6/ZinESjkkhn T8dwE/YxpFFzCpNRNDSS Mj9gAOhYVi8D42SzvhJ5 ZpU/DWNunkM7UvxcZi4w ZR4HdjBgOzbI3Ff/1kuH YCG6sl9NiDgyv/UyoJEV QfB4jTCXFmE6roX2hgaM cW2BcC/sTyodMM462wJK tyFsuZBWaF1XPrXr3l5X aZV5WkZyQU3JOPHJFauS O1EmDcCLJC3klb86z8+5 8OJ/z1YKT3xyThXG+fgE FWZyM</latexit><latexit sh a1_base64="XLDdXUJaI 6gj7aVGL0BySmeEd5Q=" >AAACDXicbZDNSsNAFIU n9a/Wv6pLN4NFcFUSEXR ZceOygv2BNpTJ9KYdOpm EmRuxhD6D4FZfw5249Rl 8Cx/BaZuFbb0w8HHOvXD mBIkUBl332ymsrW9sbhW 3Szu7e/sH5cOjpolTzaH BYxnrdsAMSKGggQIltBM NLAoktILR7dRvPYI2IlY POE7Aj9hAiVBwhlZqdxG eMLuZ9MoVt+rOhq6Cl0O F5FPvlX+6/ZinESjkkhn T8dwE/YxpFFzCpNRNDSS Mj9gAOhYVi8D42SzvhJ5 ZpU/DWNunkM7UvxcZi4w ZR4HdjBgOzbI3Ff/1kuH YCG6sl9NiDgyv/UyoJEV QfB4jTCXFmE6roX2hgaM cW2BcC/sTyodMM462wJK tyFsuZBWaF1XPrXr3l5X aZV5WkZyQU3JOPHJFauS O1EmDcCLJC3klb86z8+5 8OJ/z1YKT3xyThXG+fgE FWZyM</latexit><latexit sh a1_base64="XLDdXUJaI 6gj7aVGL0BySmeEd5Q=" >AAACDXicbZDNSsNAFIU n9a/Wv6pLN4NFcFUSEXR ZceOygv2BNpTJ9KYdOpm EmRuxhD6D4FZfw5249Rl 8Cx/BaZuFbb0w8HHOvXD mBIkUBl332ymsrW9sbhW 3Szu7e/sH5cOjpolTzaH BYxnrdsAMSKGggQIltBM NLAoktILR7dRvPYI2IlY POE7Aj9hAiVBwhlZqdxG eMLuZ9MoVt+rOhq6Cl0O F5FPvlX+6/ZinESjkkhn T8dwE/YxpFFzCpNRNDSS Mj9gAOhYVi8D42SzvhJ5 ZpU/DWNunkM7UvxcZi4w ZR4HdjBgOzbI3Ff/1kuH YCG6sl9NiDgyv/UyoJEV QfB4jTCXFmE6roX2hgaM cW2BcC/sTyodMM462wJK tyFsuZBWaF1XPrXr3l5X aZV5WkZyQU3JOPHJFauS O1EmDcCLJC3klb86z8+5 8OJ/z1YKT3xyThXG+fgE FWZyM</latexit>
B
<latexit sha1_base64="iGX6Bx3v61qkwqOtn8O AMxBuSuo=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZdOOygv2BNpTJ9KYdOpmEmRuxhD6D4 FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMS KGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOz bI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF 1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEG/JyN</lat exit><latexit sha1_base64="iGX6Bx3v61qkwqOtn8O AMxBuSuo=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZdOOygv2BNpTJ9KYdOpmEmRuxhD6D4 FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMS KGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOz bI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF 1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEG/JyN</lat exit><latexit sha1_base64="iGX6Bx3v61qkwqOtn8O AMxBuSuo=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZdOOygv2BNpTJ9KYdOpmEmRuxhD6D4 FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMS KGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOz bI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF 1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEG/JyN</lat exit><latexit sha1_base64="iGX6Bx3v61qkwqOtn8O AMxBuSuo=">AAACDXicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZdOOygv2BNpTJ9KYdOpmEmRuxhD6D4 FZfw5249Rl8Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzaHBYxnrdsAMS KGggQIltBMNLAoktILR7dRvPYI2IlYPOE7Aj9hAiVBwhlZqdxGeMLuZ9MoVt+rOhq6Cl0OF5FPvlX+6/ ZinESjkkhnT8dwE/YxpFFzCpNRNDSSMj9gAOhYVi8D42SzvhJ5ZpU/DWNunkM7UvxcZi4wZR4HdjBgOz bI3Ff/1kuHYCG6sl9NiDgyv/UyoJEVQfB4jTCXFmE6roX2hgaMcW2BcC/sTyodMM462wJKtyFsuZBWaF 1XPrXr3l5XaZV5WkZyQU3JOPHJFauSO1EmDcCLJC3klb86z8+58OJ/z1YKT3xyThXG+fgEG/JyN</lat exit>
tR
<latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4 Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8gu NXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNqu BSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJ OQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3 lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9 dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit ><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4 Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8gu NXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNqu BSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJ OQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3 lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9 dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit ><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4 Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8gu NXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNqu BSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJ OQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3 lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9 dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit ><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4 Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8gu NXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNqu BSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJ OQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3 lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9 dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit >
tL
<latexit sha1_base64= "oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicb ZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B 9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C 9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D 8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbw fhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3 dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CS T4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CM lP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOH Fz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QN qKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApn IMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjW Bjn6xeb8Zob</latexit><latexit sha1_base64= "oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicb ZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B 9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C 9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D 8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbw fhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3 dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CS T4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CM lP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOH Fz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QN qKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApn IMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjW Bjn6xeb8Zob</latexit><latexit sha1_base64= "oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicb ZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B 9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C 9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D 8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbw fhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3 dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CS T4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CM lP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOH Fz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QN qKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApn IMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjW Bjn6xeb8Zob</latexit><latexit sha1_base64= "oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicb ZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B 9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C 9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D 8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbw fhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3 dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CS T4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CM lP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOH Fz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QN qKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApn IMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjW Bjn6xeb8Zob</latexit>
tL
<latexit sha1_base64="oN+wDfzQQo10Tjbak/R KRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9A cGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBN VwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPW BJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZ W8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8q Hpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit ><latexit sha1_base64="oN+wDfzQQo10Tjbak/R KRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9A cGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBN VwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPW BJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZ W8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8q Hpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit ><latexit sha1_base64="oN+wDfzQQo10Tjbak/R KRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9A cGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBN VwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPW BJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZ W8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8q Hpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit ><latexit sha1_base64="oN+wDfzQQo10Tjbak/R KRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9A cGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBN VwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPW BJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZ W8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8q Hpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit >
tR
<latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4 Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8gu NXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNqu BSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJ OQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3 lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9 dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit ><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4 Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8gu NXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNqu BSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJ OQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3 lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9 dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit ><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4 Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8gu NXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNqu BSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJ OQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3 lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9 dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit ><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4 Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8gu NXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNqu BSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJ OQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3 lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9 dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit >
(a) Quantum circuit
<latexit sha1_base64= "ODqKA+SLdfTF2OScuXBMZqdog24=">AAACIXicb ZDLSsNAFIYn9VbrLepON4NFqJuSiKDLghuXLdgLt KFMppN26GQSZk7EEAq+i+BWX8OduBNfwkdw2mZhW w8c+Pj/c+Cc348F1+A4X1ZhbX1jc6u4XdrZ3ds/s A+PWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6grX98 e3Ubz8wpXkk7yGNmReSoeQBpwSM1LdPesAeIauQC 9xIiIQkxJQrmnCY9O2yU3VmhVfBzaGM8qr37Z/eI KJJyCRQQbTuuk4MXkYUcCrYpNRLNIsJHZMh6xqUJ GTay2Y/TPC5UQY4iJRpCXim/t3ISKh1GvpmMiQw0 sveVPzXi0ep5lQbL6fFOyC48TIu4wSYpPMzgkRgi PA0LjzgilEQqQFCFTefYDoiilAwoZZMRO5yIKvQu qy6TtVtXJVrTh5WEZ2iM1RBLrpGNXSH6qiJKHpCL +gVvVnP1rv1YX3ORwtWvnOMFsr6/gU/4KP8</lat exit><latexit sha1_base64= "ODqKA+SLdfTF2OScuXBMZqdog24=">AAACIXicb ZDLSsNAFIYn9VbrLepON4NFqJuSiKDLghuXLdgLt KFMppN26GQSZk7EEAq+i+BWX8OduBNfwkdw2mZhW w8c+Pj/c+Cc348F1+A4X1ZhbX1jc6u4XdrZ3ds/s A+PWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6grX98 e3Ubz8wpXkk7yGNmReSoeQBpwSM1LdPesAeIauQC 9xIiIQkxJQrmnCY9O2yU3VmhVfBzaGM8qr37Z/eI KJJyCRQQbTuuk4MXkYUcCrYpNRLNIsJHZMh6xqUJ GTay2Y/TPC5UQY4iJRpCXim/t3ISKh1GvpmMiQw0 sveVPzXi0ep5lQbL6fFOyC48TIu4wSYpPMzgkRgi PA0LjzgilEQqQFCFTefYDoiilAwoZZMRO5yIKvQu qy6TtVtXJVrTh5WEZ2iM1RBLrpGNXSH6qiJKHpCL +gVvVnP1rv1YX3ORwtWvnOMFsr6/gU/4KP8</lat exit><latexit sha1_base64= "ODqKA+SLdfTF2OScuXBMZqdog24=">AAACIXicb ZDLSsNAFIYn9VbrLepON4NFqJuSiKDLghuXLdgLt KFMppN26GQSZk7EEAq+i+BWX8OduBNfwkdw2mZhW w8c+Pj/c+Cc348F1+A4X1ZhbX1jc6u4XdrZ3ds/s A+PWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6grX98 e3Ubz8wpXkk7yGNmReSoeQBpwSM1LdPesAeIauQC 9xIiIQkxJQrmnCY9O2yU3VmhVfBzaGM8qr37Z/eI KJJyCRQQbTuuk4MXkYUcCrYpNRLNIsJHZMh6xqUJ GTay2Y/TPC5UQY4iJRpCXim/t3ISKh1GvpmMiQw0 sveVPzXi0ep5lQbL6fFOyC48TIu4wSYpPMzgkRgi PA0LjzgilEQqQFCFTefYDoiilAwoZZMRO5yIKvQu qy6TtVtXJVrTh5WEZ2iM1RBLrpGNXSH6qiJKHpCL +gVvVnP1rv1YX3ORwtWvnOMFsr6/gU/4KP8</lat exit><latexit sha1_base64= "ODqKA+SLdfTF2OScuXBMZqdog24=">AAACIXicb ZDLSsNAFIYn9VbrLepON4NFqJuSiKDLghuXLdgLt KFMppN26GQSZk7EEAq+i+BWX8OduBNfwkdw2mZhW w8c+Pj/c+Cc348F1+A4X1ZhbX1jc6u4XdrZ3ds/s A+PWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6grX98 e3Ubz8wpXkk7yGNmReSoeQBpwSM1LdPesAeIauQC 9xIiIQkxJQrmnCY9O2yU3VmhVfBzaGM8qr37Z/eI KJJyCRQQbTuuk4MXkYUcCrYpNRLNIsJHZMh6xqUJ GTay2Y/TPC5UQY4iJRpCXim/t3ISKh1GvpmMiQw0 sveVPzXi0ep5lQbL6fFOyC48TIu4wSYpPMzgkRgi PA0LjzgilEQqQFCFTefYDoiilAwoZZMRO5yIKvQu qy6TtVtXJVrTh5WEZ2iM1RBLrpGNXSH6qiJKHpCL +gVvVnP1rv1YX3ORwtWvnOMFsr6/gU/4KP8</lat exit>
(b) Wormhole geometry
<latexit sha1_base64="r9lvLIknv4D1PjHO5Zq WNYtUzcU=">AAACI3icbZDLSgNBEEV7fBtfoy510RgE3YQZEXQpuHEZwTzADKGnU0kau6eH7hpxGLLxX wS3+hvuxI0L/8FPsJPMwldBweHeKqi6cSqFxSB492Zm5+YXFpeWKyura+sb/uZW0+rMcGhwLbVpx8yCF Ak0UKCEdmqAqVhCK745H/utWzBW6OQK8xQixQaJ6AvO0Eldf7eDcIfFQXxIW9qooZZAB6AVoMlHXb8a1 IJJ0b8QllAlZdW7/menp3mmIEEumbXXYZBiVDCDgksYVTqZhZTxGzaAa4cJU2CjYvLFiO47pUf72rhOk E7U7xsFU9bmKnaTiuHQ/vbG4r9eOsyt4NZ5Jf28A/unUSGSNENI+PSMfiYpajoOjPaEAY4yd8C4Ee4Ty ofMMI4u1oqLKPwdyF9oHtXCoBZeHlfPgjKsJbJD9sgBCckJOSMXpE4ahJN78kieyLP34L14r97bdHTGK 3e2yY/yPr4ABiuk7A==</latexit><latexit sha1_base64="r9lvLIknv4D1PjHO5Zq WNYtUzcU=">AAACI3icbZDLSgNBEEV7fBtfoy510RgE3YQZEXQpuHEZwTzADKGnU0kau6eH7hpxGLLxX wS3+hvuxI0L/8FPsJPMwldBweHeKqi6cSqFxSB492Zm5+YXFpeWKyura+sb/uZW0+rMcGhwLbVpx8yCF Ak0UKCEdmqAqVhCK745H/utWzBW6OQK8xQixQaJ6AvO0Eldf7eDcIfFQXxIW9qooZZAB6AVoMlHXb8a1 IJJ0b8QllAlZdW7/menp3mmIEEumbXXYZBiVDCDgksYVTqZhZTxGzaAa4cJU2CjYvLFiO47pUf72rhOk E7U7xsFU9bmKnaTiuHQ/vbG4r9eOsyt4NZ5Jf28A/unUSGSNENI+PSMfiYpajoOjPaEAY4yd8C4Ee4Ty ofMMI4u1oqLKPwdyF9oHtXCoBZeHlfPgjKsJbJD9sgBCckJOSMXpE4ahJN78kieyLP34L14r97bdHTGK 3e2yY/yPr4ABiuk7A==</latexit><latexit sha1_base64="r9lvLIknv4D1PjHO5Zq WNYtUzcU=">AAACI3icbZDLSgNBEEV7fBtfoy510RgE3YQZEXQpuHEZwTzADKGnU0kau6eH7hpxGLLxX wS3+hvuxI0L/8FPsJPMwldBweHeKqi6cSqFxSB492Zm5+YXFpeWKyura+sb/uZW0+rMcGhwLbVpx8yCF Ak0UKCEdmqAqVhCK745H/utWzBW6OQK8xQixQaJ6AvO0Eldf7eDcIfFQXxIW9qooZZAB6AVoMlHXb8a1 IJJ0b8QllAlZdW7/menp3mmIEEumbXXYZBiVDCDgksYVTqZhZTxGzaAa4cJU2CjYvLFiO47pUf72rhOk E7U7xsFU9bmKnaTiuHQ/vbG4r9eOsyt4NZ5Jf28A/unUSGSNENI+PSMfiYpajoOjPaEAY4yd8C4Ee4Ty ofMMI4u1oqLKPwdyF9oHtXCoBZeHlfPgjKsJbJD9sgBCckJOSMXpE4ahJN78kieyLP34L14r97bdHTGK 3e2yY/yPr4ABiuk7A==</latexit><latexit sha1_base64="r9lvLIknv4D1PjHO5Zq WNYtUzcU=">AAACI3icbZDLSgNBEEV7fBtfoy510RgE3YQZEXQpuHEZwTzADKGnU0kau6eH7hpxGLLxX wS3+hvuxI0L/8FPsJPMwldBweHeKqi6cSqFxSB492Zm5+YXFpeWKyura+sb/uZW0+rMcGhwLbVpx8yCF Ak0UKCEdmqAqVhCK745H/utWzBW6OQK8xQixQaJ6AvO0Eldf7eDcIfFQXxIW9qooZZAB6AVoMlHXb8a1 IJJ0b8QllAlZdW7/menp3mmIEEumbXXYZBiVDCDgksYVTqZhZTxGzaAa4cJU2CjYvLFiO47pUf72rhOk E7U7xsFU9bmKnaTiuHQ/vbG4r9eOsyt4NZ5Jf28A/unUSGSNENI+PSMfiYpajoOjPaEAY4yd8C4Ee4Ty ofMMI4u1oqLKPwdyF9oHtXCoBZeHlfPgjKsJbJD9sgBCckJOSMXpE4ahJN78kieyLP34L14r97bdHTGK 3e2yY/yPr4ABiuk7A==</latexit>
Figure 5: Time-evolved thermofield double
Now Alice throws in c qubits from the left side at time tw where c is much less than the
black hole entropy. In [8][14], an epidemic model was used to study perturbed quantum
circuit and the growth of a precursor. We briefly review it here. Represent the black hole
dynamics by Hayden-Preskill type circuit [15]: At each time step (every thermal time) the
qubits are randomly grouped into S
2
pairs, and on each pair a randomly chosen 2-qubit gate
is applied. We can characterize the effect of some small perturbation in such a system as
6
follows. Imagine the unpertubed system contains S healthy qubits, and the perturbation
is c extra qubits carrying some disease. The sick qubits enter the system at t = 0. Any
qubits who interact directly or indirectly with sick qubits will get sick. We define the size
of the epidemic s(t) to be the number of sick qubits at time τ . It grows exponentially in
time and saturates at scrambling time. With logS large, s(τ)
S
is almost like a step function.
During each thermal time, S gates are applied.3 Among them, s(τ) gates are affected
by the sick qubits while S−s(τ) gates remain healthy. As Bob does not have access to the
extra sick qubits, he can undo those healthy gates but he cannot unto those sick gates.
Figure 6 shows the corresponding quantum circuit as we increase Alice’s time tL. Such
a quantum circuit is stored on the wormhole (Figure 7). When the perturbation just
comes in at time tw, it has little effect on Alice’s system. For tw < tL < tw + t∗, most of
the qubits in subsystem A are not affected by the perturbation and the quantum gates
on them (orange dots in Figure 6) can still be undone from subsystem B. These gates
shared by Alice and Bob are stored in the orange region in Figure 7. It is outside both
entanglement wedges and it is the interior of a two-sided black hole. In this time window
Alice essentially still has a two-sided black hole, i.e., the interior accessible to her can be
affected by Bob. At tw + t∗ all her qubits are affected by the perturbation. After that
when tL > tw + t∗, the quantum gates applied on her side (red dots in Figure 6) can no
longer be undone from Bob side. These quantum gates belonging to Alice are stored in
the red region in Figure 7. That region is inside Alice’s entanglement wedge. For a more
detailed comparison between the quantum circuit analysis and the growth of the wormhole
geometry, see [7].
When tL > tw + t∗ Alice’s black hole becomes effectively one sided because the portion
of the interior accessible to her is determined only by operations on her subsystem. In what
follows we will refer to this situation by saying Alice’s black hole has become one-sided.
The red region is the interior of her one-sided black hole.
3We count each 2-qubit gate as 2 gates.
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tL
<latexit sha1_base 64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">A AACCHicbZDNSsNAFIVv6l+tf1WXbgaL4Kok Iuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcG tvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQ y67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxB otkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6ree uDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dm QVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfU Y2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNK nwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uv Fo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZN oK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq 9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hD AxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xe b8Zob</latexit><latexit sha1_base 64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">A AACCHicbZDNSsNAFIVv6l+tf1WXbgaL4Kok Iuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcG tvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQ y67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxB otkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6ree uDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dm QVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfU Y2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNK nwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uv Fo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZN oK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq 9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hD AxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xe b8Zob</latexit><latexit sha1_base 64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">A AACCHicbZDNSsNAFIVv6l+tf1WXbgaL4Kok Iuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcG tvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQ y67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxB otkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6ree uDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dm QVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfU Y2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNK nwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uv Fo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZN oK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq 9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hD AxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xe b8Zob</latexit><latexit sha1_base 64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">A AACCHicbZDNSsNAFIVv6l+tf1WXbgaL4Kok Iuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcG tvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQ y67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxB otkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6ree uDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dm QVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfU Y2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNK nwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uv Fo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZN oK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq 9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hD AxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xe b8Zob</latexit>
one-sided black hole
<latexit sha1_base 64="2ZE3gUs6OfthZtHAA7vnCgiqdIc=">A AACInicbVBNS8NAEN34WetX1aOXxSJ4sSQi 6LHgxWMFWwu2lM1mYhY3u2F3IpbQg/9F8Kp /w5t4EvwR/gS3bQ5WfTDweG9mmHlhJoVF3/ /w5uYXFpeWKyvV1bX1jc3a1nbH6txwaHMtt emGzIIUCtooUEI3M8DSUMJVeHs29q/uwFih 1SUOM+in7EaJWHCGThrUdnsI91hoBYdWRBD RUDJ+SxMtYTSo1f2GPwH9S4KS1EmJ1qD21 Ys0z1NQyCWz9jrwM+wXzKDgbl+1l1vI3Hp2 A9eOKpaC7ReTJ0Z03ykRjbVxpZBO1J8TBUu tHaah60wZJva3Nxb/9bJkaAW3zivZ7B0Yn/ YLobIcQfHpGXEuKWo6zotGwgBHOXSEcSPcJ 5QnzDCOLtWqiyj4Hchf0jlqBH4juDiuN/0y rArZJXvkgATkhDTJOWmRNuHkgTyRZ/LiPXq v3pv3Pm2d88qZHTID7/MbXfikkw==</late xit><latexit sha1_base 64="2ZE3gUs6OfthZtHAA7vnCgiqdIc=">A AACInicbVBNS8NAEN34WetX1aOXxSJ4sSQi 6LHgxWMFWwu2lM1mYhY3u2F3IpbQg/9F8Kp /w5t4EvwR/gS3bQ5WfTDweG9mmHlhJoVF3/ /w5uYXFpeWKyvV1bX1jc3a1nbH6txwaHMtt emGzIIUCtooUEI3M8DSUMJVeHs29q/uwFih 1SUOM+in7EaJWHCGThrUdnsI91hoBYdWRBD RUDJ+SxMtYTSo1f2GPwH9S4KS1EmJ1qD21 Ys0z1NQyCWz9jrwM+wXzKDgbl+1l1vI3Hp2 A9eOKpaC7ReTJ0Z03ykRjbVxpZBO1J8TBUu tHaah60wZJva3Nxb/9bJkaAW3zivZ7B0Yn/ YLobIcQfHpGXEuKWo6zotGwgBHOXSEcSPcJ 5QnzDCOLtWqiyj4Hchf0jlqBH4juDiuN/0y rArZJXvkgATkhDTJOWmRNuHkgTyRZ/LiPXq v3pv3Pm2d88qZHTID7/MbXfikkw==</late xit><latexit sha1_base 64="2ZE3gUs6OfthZtHAA7vnCgiqdIc=">A AACInicbVBNS8NAEN34WetX1aOXxSJ4sSQi 6LHgxWMFWwu2lM1mYhY3u2F3IpbQg/9F8Kp /w5t4EvwR/gS3bQ5WfTDweG9mmHlhJoVF3/ /w5uYXFpeWKyvV1bX1jc3a1nbH6txwaHMtt emGzIIUCtooUEI3M8DSUMJVeHs29q/uwFih 1SUOM+in7EaJWHCGThrUdnsI91hoBYdWRBD RUDJ+SxMtYTSo1f2GPwH9S4KS1EmJ1qD21 Ys0z1NQyCWz9jrwM+wXzKDgbl+1l1vI3Hp2 A9eOKpaC7ReTJ0Z03ykRjbVxpZBO1J8TBUu tHaah60wZJva3Nxb/9bJkaAW3zivZ7B0Yn/ YLobIcQfHpGXEuKWo6zotGwgBHOXSEcSPcJ 5QnzDCOLtWqiyj4Hchf0jlqBH4juDiuN/0y rArZJXvkgATkhDTJOWmRNuHkgTyRZ/LiPXq v3pv3Pm2d88qZHTID7/MbXfikkw==</late xit><latexit sha1_base 64="2ZE3gUs6OfthZtHAA7vnCgiqdIc=">A AACInicbVBNS8NAEN34WetX1aOXxSJ4sSQi 6LHgxWMFWwu2lM1mYhY3u2F3IpbQg/9F8Kp /w5t4EvwR/gS3bQ5WfTDweG9mmHlhJoVF3/ /w5uYXFpeWKyvV1bX1jc3a1nbH6txwaHMtt emGzIIUCtooUEI3M8DSUMJVeHs29q/uwFih 1SUOM+in7EaJWHCGThrUdnsI91hoBYdWRBD RUDJ+SxMtYTSo1f2GPwH9S4KS1EmJ1qD21 Ys0z1NQyCWz9jrwM+wXzKDgbl+1l1vI3Hp2 A9eOKpaC7ReTJ0Z03ykRjbVxpZBO1J8TBUu tHaah60wZJva3Nxb/9bJkaAW3zivZ7B0Yn/ YLobIcQfHpGXEuKWo6zotGwgBHOXSEcSPcJ 5QnzDCOLtWqiyj4Hchf0jlqBH4juDiuN/0y rArZJXvkgATkhDTJOWmRNuHkgTyRZ/LiPXq v3pv3Pm2d88qZHTID7/MbXfikkw==</late xit>
A
<latexit sha1_ba se64="m7Ssvgpq4xeKDO5HJ2Zz/mouF7 A=">AAAB73icbVBNS8NAEN3Ur1q/qh69 LBbBU0mkoMeKF48V7Ae0oWy2k3bpZhN 3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6 bYWZekEhh0HW/ncLa+sbmVnG7tLO7t3 9QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9 HAokBCOxjfzPz2I2gjYnWPkwT8iA2VCA VnaKVOD+EJs+tpv1xxq+4cdJV4OamQH I1++as3iHkagUIumTFdz03Qz5hGwSVMS 73UQML4mA2ha6liERg/m987pWdWGdAw1 rYU0rn6eyJjkTGTKLCdEcORWfZm4n9e N8Xwys+ESlIExReLwlRSjOnseToQGjjK iSWMa2FvpXzENONoIyrZELzll1dJ66L quVXvrlap1/I4iuSEnJJz4pFLUie3pEG ahBNJnskreXMenBfn3flYtBacfOaY/IH z+QNO85AW</latexit><latexit sha1_ba se64="m7Ssvgpq4xeKDO5HJ2Zz/mouF7 A=">AAAB73icbVBNS8NAEN3Ur1q/qh69 LBbBU0mkoMeKF48V7Ae0oWy2k3bpZhN 3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6 bYWZekEhh0HW/ncLa+sbmVnG7tLO7t3 9QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9 HAokBCOxjfzPz2I2gjYnWPkwT8iA2VCA VnaKVOD+EJs+tpv1xxq+4cdJV4OamQH I1++as3iHkagUIumTFdz03Qz5hGwSVMS 73UQML4mA2ha6liERg/m987pWdWGdAw1 rYU0rn6eyJjkTGTKLCdEcORWfZm4n9e N8Xwys+ESlIExReLwlRSjOnseToQGjjK iSWMa2FvpXzENONoIyrZELzll1dJ66L quVXvrlap1/I4iuSEnJJz4pFLUie3pEG ahBNJnskreXMenBfn3flYtBacfOaY/IH z+QNO85AW</latexit><latexit sha1_ba se64="m7Ssvgpq4xeKDO5HJ2Zz/mouF7 A=">AAAB73icbVBNS8NAEN3Ur1q/qh69 LBbBU0mkoMeKF48V7Ae0oWy2k3bpZhN 3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6 bYWZekEhh0HW/ncLa+sbmVnG7tLO7t3 9QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9 HAokBCOxjfzPz2I2gjYnWPkwT8iA2VCA VnaKVOD+EJs+tpv1xxq+4cdJV4OamQH I1++as3iHkagUIumTFdz03Qz5hGwSVMS 73UQML4mA2ha6liERg/m987pWdWGdAw1 rYU0rn6eyJjkTGTKLCdEcORWfZm4n9e N8Xwys+ESlIExReLwlRSjOnseToQGjjK iSWMa2FvpXzENONoIyrZELzll1dJ66L quVXvrlap1/I4iuSEnJJz4pFLUie3pEG ahBNJnskreXMenBfn3flYtBacfOaY/IH z+QNO85AW</latexit><latexit sha1_ba se64="m7Ssvgpq4xeKDO5HJ2Zz/mouF7 A=">AAAB73icbVBNS8NAEN3Ur1q/qh69 LBbBU0mkoMeKF48V7Ae0oWy2k3bpZhN 3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6 bYWZekEhh0HW/ncLa+sbmVnG7tLO7t3 9QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9 HAokBCOxjfzPz2I2gjYnWPkwT8iA2VCA VnaKVOD+EJs+tpv1xxq+4cdJV4OamQH I1++as3iHkagUIumTFdz03Qz5hGwSVMS 73UQML4mA2ha6liERg/m987pWdWGdAw1 rYU0rn6eyJjkTGTKLCdEcORWfZm4n9e N8Xwys+ESlIExReLwlRSjOnseToQGjjK iSWMa2FvpXzENONoIyrZELzll1dJ66L quVXvrlap1/I4iuSEnJJz4pFLUie3pEG ahBNJnskreXMenBfn3flYtBacfOaY/IH z+QNO85AW</latexit>
tw
<latexit sha1_base64="96X23WBG+K41U 48aUJzyQ37PYTI=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6 aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu 7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oEQoG EUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2 Likbc+ONZ1Ak5s0qfhLG2TyGZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xU EmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBVaF5UPbfq3V1Wam5eVhF O4BTOwYMrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit><latexit sha1_base64="96X23WBG+K41U 48aUJzyQ37PYTI=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6 aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu 7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oEQoG EUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2 Likbc+ONZ1Ak5s0qfhLG2TyGZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xU EmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBVaF5UPbfq3V1Wam5eVhF O4BTOwYMrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit><latexit sha1_base64="96X23WBG+K41U 48aUJzyQ37PYTI=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6 aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu 7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oEQoG EUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2 Likbc+ONZ1Ak5s0qfhLG2TyGZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xU EmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBVaF5UPbfq3V1Wam5eVhF O4BTOwYMrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit><latexit sha1_base64="96X23WBG+K41U 48aUJzyQ37PYTI=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6 aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu 7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oEQoG EUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2 Likbc+ONZ1Ak5s0qfhLG2TyGZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xU EmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBVaF5UPbfq3V1Wam5eVhF O4BTOwYMrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit>
tw + t⇤
<latexit sha1_base64="mh4sIGtzGdiw/ G1zPYuVEXSMoyI=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaLIAolEUGXBTcuK9hWaEOYT Cft0MkPMzdKCH0Fwa2+hjtx6zv4Fj6C0zYL23ph4OOce+HM8RMpNNr2t1VaWV1b3yhvVra 2d3b3qvsHbR2nivEWi2WsHnyquRQRb6FAyR8SxWnoS97xRzcTv/PIlRZxdI9Zwt2QDiIRC EbRSB30ns7RO/OqNbtuT4csg1NADYppetWfXj9macgjZJJq3XXsBN2cKhRM8nGll2qeUDa iA941GNGQazefxh2TE6P0SRAr8yIkU/XvRU5DrbPQN5shxaFe9Cbiv14yzLRg2ngFzefA4 NrNRZSkyCM2ixGkkmBMJs2QvlCcocwMUKaE+QlhQ6ooQ9NfxVTkLBayDO2LumPXnbvLWsM uyirDERzDKThwBQ24hSa0gMEIXuAV3qxn6936sD5nqyWruDmEubG+fgFguJuW</latexit ><latexit sha1_base64="mh4sIGtzGdiw/ G1zPYuVEXSMoyI=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaLIAolEUGXBTcuK9hWaEOYT Cft0MkPMzdKCH0Fwa2+hjtx6zv4Fj6C0zYL23ph4OOce+HM8RMpNNr2t1VaWV1b3yhvVra 2d3b3qvsHbR2nivEWi2WsHnyquRQRb6FAyR8SxWnoS97xRzcTv/PIlRZxdI9Zwt2QDiIRC EbRSB30ns7RO/OqNbtuT4csg1NADYppetWfXj9macgjZJJq3XXsBN2cKhRM8nGll2qeUDa iA941GNGQazefxh2TE6P0SRAr8yIkU/XvRU5DrbPQN5shxaFe9Cbiv14yzLRg2ngFzefA4 NrNRZSkyCM2ixGkkmBMJs2QvlCcocwMUKaE+QlhQ6ooQ9NfxVTkLBayDO2LumPXnbvLWsM uyirDERzDKThwBQ24hSa0gMEIXuAV3qxn6936sD5nqyWruDmEubG+fgFguJuW</latexit ><latexit sha1_base64="mh4sIGtzGdiw/ G1zPYuVEXSMoyI=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaLIAolEUGXBTcuK9hWaEOYT Cft0MkPMzdKCH0Fwa2+hjtx6zv4Fj6C0zYL23ph4OOce+HM8RMpNNr2t1VaWV1b3yhvVra 2d3b3qvsHbR2nivEWi2WsHnyquRQRb6FAyR8SxWnoS97xRzcTv/PIlRZxdI9Zwt2QDiIRC EbRSB30ns7RO/OqNbtuT4csg1NADYppetWfXj9macgjZJJq3XXsBN2cKhRM8nGll2qeUDa iA941GNGQazefxh2TE6P0SRAr8yIkU/XvRU5DrbPQN5shxaFe9Cbiv14yzLRg2ngFzefA4 NrNRZSkyCM2ixGkkmBMJs2QvlCcocwMUKaE+QlhQ6ooQ9NfxVTkLBayDO2LumPXnbvLWsM uyirDERzDKThwBQ24hSa0gMEIXuAV3qxn6936sD5nqyWruDmEubG+fgFguJuW</latexit ><latexit sha1_base64="mh4sIGtzGdiw/ G1zPYuVEXSMoyI=">AAACDHicbZDNSsNAFIVv6l+tf1WXbgaLIAolEUGXBTcuK9hWaEOYT Cft0MkPMzdKCH0Fwa2+hjtx6zv4Fj6C0zYL23ph4OOce+HM8RMpNNr2t1VaWV1b3yhvVra 2d3b3qvsHbR2nivEWi2WsHnyquRQRb6FAyR8SxWnoS97xRzcTv/PIlRZxdI9Zwt2QDiIRC EbRSB30ns7RO/OqNbtuT4csg1NADYppetWfXj9macgjZJJq3XXsBN2cKhRM8nGll2qeUDa iA941GNGQazefxh2TE6P0SRAr8yIkU/XvRU5DrbPQN5shxaFe9Cbiv14yzLRg2ngFzefA4 NrNRZSkyCM2ixGkkmBMJs2QvlCcocwMUKaE+QlhQ6ooQ9NfxVTkLBayDO2LumPXnbvLWsM uyirDERzDKThwBQ24hSa0gMEIXuAV3qxn6936sD5nqyWruDmEubG+fgFguJuW</latexit >
two-sided black hole
<latexit sha1_base64="C0utuM1GlG05I SmfWYvmpaYEiKs=">AAACInicbVDLSgNBEJz1GeMr6jGXwSB4MeyKoMeAF48RzAOSEGZnO 8mQ2Z1lplcNSw7+i+BVf8ObeBL8CD/BSbIHk1jQUFR1N93lx1IYdN0vZ2V1bX1jM7eV397 Z3dsvHBzWjUo0hxpXUummzwxIEUENBUpoxhpY6Eto+MPrid+4B22Eiu5wFEMnZP1I9ARna KVuodhGeMQUH9SZEQEE1JeMD+lASRh3CyW37E5Bl4mXkRLJUO0WftqB4kkIEXLJjGl5boy dlGkU3O7LtxMDsV3P+tCyNGIhmE46fWJMT6wS0J7StiKkU/XvRMpCY0ahbztDhgOz6E3Ef 714MDKCG+tlbP4O7F11UhHFCULEZ2f0EklR0UleNBAaOMqRJYxrYT+hfMA042hTzduIvMV Alkn9vOy5Ze/2olRxs7BypEiOySnxyCWpkBtSJTXCyRN5Ia/kzXl23p0P53PWuuJkM0dkD s73L4brpKs=</latexit><latexit sha1_base64="C0utuM1GlG05I SmfWYvmpaYEiKs=">AAACInicbVDLSgNBEJz1GeMr6jGXwSB4MeyKoMeAF48RzAOSEGZnO 8mQ2Z1lplcNSw7+i+BVf8ObeBL8CD/BSbIHk1jQUFR1N93lx1IYdN0vZ2V1bX1jM7eV397 Z3dsvHBzWjUo0hxpXUummzwxIEUENBUpoxhpY6Eto+MPrid+4B22Eiu5wFEMnZP1I9ARna KVuodhGeMQUH9SZEQEE1JeMD+lASRh3CyW37E5Bl4mXkRLJUO0WftqB4kkIEXLJjGl5boy dlGkU3O7LtxMDsV3P+tCyNGIhmE46fWJMT6wS0J7StiKkU/XvRMpCY0ahbztDhgOz6E3Ef 714MDKCG+tlbP4O7F11UhHFCULEZ2f0EklR0UleNBAaOMqRJYxrYT+hfMA042hTzduIvMV Alkn9vOy5Ze/2olRxs7BypEiOySnxyCWpkBtSJTXCyRN5Ia/kzXl23p0P53PWuuJkM0dkD s73L4brpKs=</latexit><latexit sha1_base64="C0utuM1GlG05I SmfWYvmpaYEiKs=">AAACInicbVDLSgNBEJz1GeMr6jGXwSB4MeyKoMeAF48RzAOSEGZnO 8mQ2Z1lplcNSw7+i+BVf8ObeBL8CD/BSbIHk1jQUFR1N93lx1IYdN0vZ2V1bX1jM7eV397 Z3dsvHBzWjUo0hxpXUummzwxIEUENBUpoxhpY6Eto+MPrid+4B22Eiu5wFEMnZP1I9ARna KVuodhGeMQUH9SZEQEE1JeMD+lASRh3CyW37E5Bl4mXkRLJUO0WftqB4kkIEXLJjGl5boy dlGkU3O7LtxMDsV3P+tCyNGIhmE46fWJMT6wS0J7StiKkU/XvRMpCY0ahbztDhgOz6E3Ef 714MDKCG+tlbP4O7F11UhHFCULEZ2f0EklR0UleNBAaOMqRJYxrYT+hfMA042hTzduIvMV Alkn9vOy5Ze/2olRxs7BypEiOySnxyCWpkBtSJTXCyRN5Ia/kzXl23p0P53PWuuJkM0dkD s73L4brpKs=</latexit><latexit sha1_base64="C0utuM1GlG05I SmfWYvmpaYEiKs=">AAACInicbVDLSgNBEJz1GeMr6jGXwSB4MeyKoMeAF48RzAOSEGZnO 8mQ2Z1lplcNSw7+i+BVf8ObeBL8CD/BSbIHk1jQUFR1N93lx1IYdN0vZ2V1bX1jM7eV397 Z3dsvHBzWjUo0hxpXUummzwxIEUENBUpoxhpY6Eto+MPrid+4B22Eiu5wFEMnZP1I9ARna KVuodhGeMQUH9SZEQEE1JeMD+lASRh3CyW37E5Bl4mXkRLJUO0WftqB4kkIEXLJjGl5boy dlGkU3O7LtxMDsV3P+tCyNGIhmE46fWJMT6wS0J7StiKkU/XvRMpCY0ahbztDhgOz6E3Ef 714MDKCG+tlbP4O7F11UhHFCULEZ2f0EklR0UleNBAaOMqRJYxrYT+hfMA042hTzduIvMV Alkn9vOy5Ze/2olRxs7BypEiOySnxyCWpkBtSJTXCyRN5Ia/kzXl23p0P53PWuuJkM0dkD s73L4brpKs=</latexit>
B<latexit sha1_base64="xGjfHCz/dXU0I HtRPatVILkJqZw=">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkoioi6LblxWsD/QhjKZ3 rRDJ5MwcyOW0GcQ3OpruBO3PoNv4SM4bbOwrRcGPs65F86cIJHCoOt+Oyura+sbm4Wt4vb O7t5+6eCwYeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4O/Gbj6CNiNUDjhLwI9ZXIhSco ZVaHYQnzG7G3VLZrbjTocvg5VAm+dS6pZ9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9a HtkXFIjB+Ns07pqdW6dEw1vYppFP170XGImNGUWA3I4YDs+hNxH+9ZDAyghvr5TSfA8NrP xMqSREUn8UIU0kxppNqaE9o4ChHFhjXwv6E8gHTjKMtsGgr8hYLWYbGecVzK979Rbl6mZd VIMfkhJwRj1yRKrkjNVInnEjyQl7Jm/PsvDsfzudsdcXJb47I3DhfvweWnI8=</latexit ><latexit sha1_base64="xGjfHCz/dXU0I HtRPatVILkJqZw=">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkoioi6LblxWsD/QhjKZ3 rRDJ5MwcyOW0GcQ3OpruBO3PoNv4SM4bbOwrRcGPs65F86cIJHCoOt+Oyura+sbm4Wt4vb O7t5+6eCwYeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4O/Gbj6CNiNUDjhLwI9ZXIhSco ZVaHYQnzG7G3VLZrbjTocvg5VAm+dS6pZ9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9a HtkXFIjB+Ns07pqdW6dEw1vYppFP170XGImNGUWA3I4YDs+hNxH+9ZDAyghvr5TSfA8NrP xMqSREUn8UIU0kxppNqaE9o4ChHFhjXwv6E8gHTjKMtsGgr8hYLWYbGecVzK979Rbl6mZd VIMfkhJwRj1yRKrkjNVInnEjyQl7Jm/PsvDsfzudsdcXJb47I3DhfvweWnI8=</latexit ><latexit sha1_base64="xGjfHCz/dXU0I HtRPatVILkJqZw=">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkoioi6LblxWsD/QhjKZ3 rRDJ5MwcyOW0GcQ3OpruBO3PoNv4SM4bbOwrRcGPs65F86cIJHCoOt+Oyura+sbm4Wt4vb O7t5+6eCwYeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4O/Gbj6CNiNUDjhLwI9ZXIhSco ZVaHYQnzG7G3VLZrbjTocvg5VAm+dS6pZ9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9a HtkXFIjB+Ns07pqdW6dEw1vYppFP170XGImNGUWA3I4YDs+hNxH+9ZDAyghvr5TSfA8NrP xMqSREUn8UIU0kxppNqaE9o4ChHFhjXwv6E8gHTjKMtsGgr8hYLWYbGecVzK979Rbl6mZd VIMfkhJwRj1yRKrkjNVInnEjyQl7Jm/PsvDsfzudsdcXJb47I3DhfvweWnI8=</latexit ><latexit sha1_base64="xGjfHCz/dXU0I HtRPatVILkJqZw=">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkoioi6LblxWsD/QhjKZ3 rRDJ5MwcyOW0GcQ3OpruBO3PoNv4SM4bbOwrRcGPs65F86cIJHCoOt+Oyura+sbm4Wt4vb O7t5+6eCwYeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4O/Gbj6CNiNUDjhLwI9ZXIhSco ZVaHYQnzG7G3VLZrbjTocvg5VAm+dS6pZ9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9a HtkXFIjB+Ns07pqdW6dEw1vYppFP170XGImNGUWA3I4YDs+hNxH+9ZDAyghvr5TSfA8NrP xMqSREUn8UIU0kxppNqaE9o4ChHFhjXwv6E8gHTjKMtsGgr8hYLWYbGecVzK979Rbl6mZd VIMfkhJwRj1yRKrkjNVInnEjyQl7Jm/PsvDsfzudsdcXJb47I3DhfvweWnI8=</latexit >
c qubits
<latexit sha1_base64="dzTOjM6tVjQzJ sZZc8Cybtgz6cY=">AAACGHicbZDNSsNAFIUn9a/Wv1SXbgZbwVVJRNBlwY3LCvYH2lAm0 0k7dDKJMzdqCH0Rwa2+hjtx68638BGctlnY1gsDH+fcC2eOHwuuwXG+rcLa+sbmVnG7tLO 7t39glw9bOkoUZU0aiUh1fKKZ4JI1gYNgnVgxEvqCtf3x9dRvPzCleSTvII2ZF5Kh5AGnB IzUt8s9YE+QVWkV3yc+Bz3p2xWn5swGr4KbQwXl0+jbP71BRJOQSaCCaN11nRi8jCjgVLB JqZdoFhM6JkPWNShJyLSXzaJP8KlRBjiIlHkS8Ez9e5GRUOs09M1mSGCkl72p+K8Xj1LNq TZeTos5ILjyMi7jBJik8xhBIjBEeNoSHnDFKIjUAKGKm59gOiKKUDBdlkxF7nIhq9A6r7l Ozb29qNSdvKwiOkYn6Ay56BLV0Q1qoCai6BG9oFf0Zj1b79aH9TlfLVj5zRFaGOvrFxKqo DU=</latexit><latexit sha1_base64="dzTOjM6tVjQzJ sZZc8Cybtgz6cY=">AAACGHicbZDNSsNAFIUn9a/Wv1SXbgZbwVVJRNBlwY3LCvYH2lAm0 0k7dDKJMzdqCH0Rwa2+hjtx68638BGctlnY1gsDH+fcC2eOHwuuwXG+rcLa+sbmVnG7tLO 7t39glw9bOkoUZU0aiUh1fKKZ4JI1gYNgnVgxEvqCtf3x9dRvPzCleSTvII2ZF5Kh5AGnB IzUt8s9YE+QVWkV3yc+Bz3p2xWn5swGr4KbQwXl0+jbP71BRJOQSaCCaN11nRi8jCjgVLB JqZdoFhM6JkPWNShJyLSXzaJP8KlRBjiIlHkS8Ez9e5GRUOs09M1mSGCkl72p+K8Xj1LNq TZeTos5ILjyMi7jBJik8xhBIjBEeNoSHnDFKIjUAKGKm59gOiKKUDBdlkxF7nIhq9A6r7l Ozb29qNSdvKwiOkYn6Ay56BLV0Q1qoCai6BG9oFf0Zj1b79aH9TlfLVj5zRFaGOvrFxKqo DU=</latexit><latexit sha1_base64="dzTOjM6tVjQzJ sZZc8Cybtgz6cY=">AAACGHicbZDNSsNAFIUn9a/Wv1SXbgZbwVVJRNBlwY3LCvYH2lAm0 0k7dDKJMzdqCH0Rwa2+hjtx68638BGctlnY1gsDH+fcC2eOHwuuwXG+rcLa+sbmVnG7tLO 7t39glw9bOkoUZU0aiUh1fKKZ4JI1gYNgnVgxEvqCtf3x9dRvPzCleSTvII2ZF5Kh5AGnB IzUt8s9YE+QVWkV3yc+Bz3p2xWn5swGr4KbQwXl0+jbP71BRJOQSaCCaN11nRi8jCjgVLB JqZdoFhM6JkPWNShJyLSXzaJP8KlRBjiIlHkS8Ez9e5GRUOs09M1mSGCkl72p+K8Xj1LNq TZeTos5ILjyMi7jBJik8xhBIjBEeNoSHnDFKIjUAKGKm59gOiKKUDBdlkxF7nIhq9A6r7l Ozb29qNSdvKwiOkYn6Ay56BLV0Q1qoCai6BG9oFf0Zj1b79aH9TlfLVj5zRFaGOvrFxKqo DU=</latexit><latexit sha1_base64="dzTOjM6tVjQzJ sZZc8Cybtgz6cY=">AAACGHicbZDNSsNAFIUn9a/Wv1SXbgZbwVVJRNBlwY3LCvYH2lAm0 0k7dDKJMzdqCH0Rwa2+hjtx68638BGctlnY1gsDH+fcC2eOHwuuwXG+rcLa+sbmVnG7tLO 7t39glw9bOkoUZU0aiUh1fKKZ4JI1gYNgnVgxEvqCtf3x9dRvPzCleSTvII2ZF5Kh5AGnB IzUt8s9YE+QVWkV3yc+Bz3p2xWn5swGr4KbQwXl0+jbP71BRJOQSaCCaN11nRi8jCjgVLB JqZdoFhM6JkPWNShJyLSXzaJP8KlRBjiIlHkS8Ez9e5GRUOs09M1mSGCkl72p+K8Xj1LNq TZeTos5ILjyMi7jBJik8xhBIjBEeNoSHnDFKIjUAKGKm59gOiKKUDBdlkxF7nIhq9A6r7l Ozb29qNSdvKwiOkYn6Ay56BLV0Q1qoCai6BG9oFf0Zj1b79aH9TlfLVj5zRFaGOvrFxKqo DU=</latexit>
Figure 6: Quantum circuit representing perturbed thermofield double
tw
<latexit sha1_base64= "tu5iVkilkFCHYY1Qgeh/M3klTjI=">AAAB6nicb VBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eKpi20o Wy2m3bpZhN2J0oJ/QlePCji1V/kzX/jts1BWx8MPN 6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmS TTjPsskYnuhNRwKRT3UaDknVRzGoeSt8PxzcxvP3 JtRKIecJLyIKZDJSLBKFrpHvtP/WrNrbtzkFXiFaQ GBZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8Wullhqe UjemQdy1VNOYmyOenTsmZVQYkSrQthWSu/p7IaWz MJA5tZ0xxZJa9mfif180wug5yodIMuWKLRVEmCSZk 9jcZCM0ZyokllGlhbyVsRDVlaNOp2BC85ZdXSeui 7rl17+6y1nCLOMpwAqdwDh5cQQNuoQk+MBjCM7zC myOdF+fd+Vi0lpxi5hj+wPn8AWpGjdA=</latexit ><latexit sha1_base64= "tu5iVkilkFCHYY1Qgeh/M3klTjI=">AAAB6nicb VBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eKpi20o Wy2m3bpZhN2J0oJ/QlePCji1V/kzX/jts1BWx8MPN 6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmS TTjPsskYnuhNRwKRT3UaDknVRzGoeSt8PxzcxvP3 JtRKIecJLyIKZDJSLBKFrpHvtP/WrNrbtzkFXiFaQ GBZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8Wullhqe UjemQdy1VNOYmyOenTsmZVQYkSrQthWSu/p7IaWz MJA5tZ0xxZJa9mfif180wug5yodIMuWKLRVEmCSZk 9jcZCM0ZyokllGlhbyVsRDVlaNOp2BC85ZdXSeui 7rl17+6y1nCLOMpwAqdwDh5cQQNuoQk+MBjCM7zC myOdF+fd+Vi0lpxi5hj+wPn8AWpGjdA=</latexit ><latexit sha1_base64= "tu5iVkilkFCHYY1Qgeh/M3klTjI=">AAAB6nicb VBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eKpi20o Wy2m3bpZhN2J0oJ/QlePCji1V/kzX/jts1BWx8MPN 6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmS TTjPsskYnuhNRwKRT3UaDknVRzGoeSt8PxzcxvP3 JtRKIecJLyIKZDJSLBKFrpHvtP/WrNrbtzkFXiFaQ GBZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8Wullhqe UjemQdy1VNOYmyOenTsmZVQYkSrQthWSu/p7IaWz MJA5tZ0xxZJa9mfif180wug5yodIMuWKLRVEmCSZk 9jcZCM0ZyokllGlhbyVsRDVlaNOp2BC85ZdXSeui 7rl17+6y1nCLOMpwAqdwDh5cQQNuoQk+MBjCM7zC myOdF+fd+Vi0lpxi5hj+wPn8AWpGjdA=</latexit ><latexit sha1_base64= "tu5iVkilkFCHYY1Qgeh/M3klTjI=">AAAB6nicb VBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eKpi20o Wy2m3bpZhN2J0oJ/QlePCji1V/kzX/jts1BWx8MPN 6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmS TTjPsskYnuhNRwKRT3UaDknVRzGoeSt8PxzcxvP3 JtRKIecJLyIKZDJSLBKFrpHvtP/WrNrbtzkFXiFaQ GBZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8Wullhqe UjemQdy1VNOYmyOenTsmZVQYkSrQthWSu/p7IaWz MJA5tZ0xxZJa9mfif180wug5yodIMuWKLRVEmCSZk 9jcZCM0ZyokllGlhbyVsRDVlaNOp2BC85ZdXSeui 7rl17+6y1nCLOMpwAqdwDh5cQQNuoQk+MBjCM7zC myOdF+fd+Vi0lpxi5hj+wPn8AWpGjdA=</latexit >
tw + t⇤
<latexit sha1_base64= "xyAEpLto79kL/yhLfkATZlJDOi8=">AAAB7nicb VBNS8NAEJ34WetX1aOXxSKIQklE0GPBi8cK9gPaE DbbTbt0swm7E6WE/ggvHhTx6u/x5r9x2+agrQ8GHu /NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmS TTjDdZIhPdCanhUijeRIGSd1LNaRxK3g5Ht1O//c i1EYl6wHHK/ZgOlIgEo2ilNgZPFxicB5WqW3NnIMv EK0gVCjSCylevn7As5gqZpMZ0PTdFP6caBZN8Uu5 lhqeUjeiAdy1VNObGz2fnTsipVfokSrQthWSm/p7 IaWzMOA5tZ0xxaBa9qfif180wuvFzodIMuWLzRVEm CSZk+jvpC80ZyrEllGlhbyVsSDVlaBMq2xC8xZeX Seuy5rk17/6qWneLOEpwDCdwBh5cQx3uoAFNYDCC Z3iFNyd1Xpx352PeuuIUM0fwB87nD8WgjyA=</lat exit><latexit sha1_base64= "xyAEpLto79kL/yhLfkATZlJDOi8=">AAAB7nicb VBNS8NAEJ34WetX1aOXxSKIQklE0GPBi8cK9gPaE DbbTbt0swm7E6WE/ggvHhTx6u/x5r9x2+agrQ8GHu /NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmS TTjDdZIhPdCanhUijeRIGSd1LNaRxK3g5Ht1O//c i1EYl6wHHK/ZgOlIgEo2ilNgZPFxicB5WqW3NnIMv EK0gVCjSCylevn7As5gqZpMZ0PTdFP6caBZN8Uu5 lhqeUjeiAdy1VNObGz2fnTsipVfokSrQthWSm/p7 IaWzMOA5tZ0xxaBa9qfif180wuvFzodIMuWLzRVEm CSZk+jvpC80ZyrEllGlhbyVsSDVlaBMq2xC8xZeX Seuy5rk17/6qWneLOEpwDCdwBh5cQx3uoAFNYDCC Z3iFNyd1Xpx352PeuuIUM0fwB87nD8WgjyA=</lat exit><latexit sha1_base64= "xyAEpLto79kL/yhLfkATZlJDOi8=">AAAB7nicb VBNS8NAEJ34WetX1aOXxSKIQklE0GPBi8cK9gPaE DbbTbt0swm7E6WE/ggvHhTx6u/x5r9x2+agrQ8GHu /NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmS TTjDdZIhPdCanhUijeRIGSd1LNaRxK3g5Ht1O//c i1EYl6wHHK/ZgOlIgEo2ilNgZPFxicB5WqW3NnIMv EK0gVCjSCylevn7As5gqZpMZ0PTdFP6caBZN8Uu5 lhqeUjeiAdy1VNObGz2fnTsipVfokSrQthWSm/p7 IaWzMOA5tZ0xxaBa9qfif180wuvFzodIMuWLzRVEm CSZk+jvpC80ZyrEllGlhbyVsSDVlaBMq2xC8xZeX Seuy5rk17/6qWneLOEpwDCdwBh5cQx3uoAFNYDCC Z3iFNyd1Xpx352PeuuIUM0fwB87nD8WgjyA=</lat exit><latexit sha1_base64= "xyAEpLto79kL/yhLfkATZlJDOi8=">AAAB7nicb VBNS8NAEJ34WetX1aOXxSKIQklE0GPBi8cK9gPaE DbbTbt0swm7E6WE/ggvHhTx6u/x5r9x2+agrQ8GHu /NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmS TTjDdZIhPdCanhUijeRIGSd1LNaRxK3g5Ht1O//c i1EYl6wHHK/ZgOlIgEo2ilNgZPFxicB5WqW3NnIMv EK0gVCjSCylevn7As5gqZpMZ0PTdFP6caBZN8Uu5 lhqeUjeiAdy1VNObGz2fnTsipVfokSrQthWSm/p7 IaWzMOA5tZ0xxaBa9qfif180wuvFzodIMuWLzRVEm CSZk+jvpC80ZyrEllGlhbyVsSDVlaBMq2xC8xZeX Seuy5rk17/6qWneLOEpwDCdwBh5cQx3uoAFNYDCC Z3iFNyd1Xpx352PeuuIUM0fwB87nD8WgjyA=</lat exit>
A
<latexit sha1_base64= "m7Ssvgpq4xeKDO5HJ2Zz/mouF7A=">AAAB73icb VBNS8NAEN3Ur1q/qh69LBbBU0mkoMeKF48V7Ae0o Wy2k3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN 6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmT jVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzPz2I2 gjYnWPkwT8iA2VCAVnaKVOD+EJs+tpv1xxq+4cdJV 4OamQHI1++as3iHkagUIumTFdz03Qz5hGwSVMS73 UQML4mA2ha6liERg/m987pWdWGdAw1rYU0rn6eyJ jkTGTKLCdEcORWfZm4n9eN8Xwys+ESlIExReLwlRS jOnseToQGjjKiSWMa2FvpXzENONoIyrZELzll1dJ 66LquVXvrlap1/I4iuSEnJJz4pFLUie3pEGahBNJ nskreXMenBfn3flYtBacfOaY/IHz+QNO85AW</lat exit><latexit sha1_base64= "m7Ssvgpq4xeKDO5HJ2Zz/mouF7A=">AAAB73icb VBNS8NAEN3Ur1q/qh69LBbBU0mkoMeKF48V7Ae0o Wy2k3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN 6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmT jVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzPz2I2 gjYnWPkwT8iA2VCAVnaKVOD+EJs+tpv1xxq+4cdJV 4OamQHI1++as3iHkagUIumTFdz03Qz5hGwSVMS73 UQML4mA2ha6liERg/m987pWdWGdAw1rYU0rn6eyJ jkTGTKLCdEcORWfZm4n9eN8Xwys+ESlIExReLwlRS jOnseToQGjjKiSWMa2FvpXzENONoIyrZELzll1dJ 66LquVXvrlap1/I4iuSEnJJz4pFLUie3pEGahBNJ nskreXMenBfn3flYtBacfOaY/IHz+QNO85AW</lat exit><latexit sha1_base64= "m7Ssvgpq4xeKDO5HJ2Zz/mouF7A=">AAAB73icb VBNS8NAEN3Ur1q/qh69LBbBU0mkoMeKF48V7Ae0o Wy2k3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN 6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmT jVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzPz2I2 gjYnWPkwT8iA2VCAVnaKVOD+EJs+tpv1xxq+4cdJV 4OamQHI1++as3iHkagUIumTFdz03Qz5hGwSVMS73 UQML4mA2ha6liERg/m987pWdWGdAw1rYU0rn6eyJ jkTGTKLCdEcORWfZm4n9eN8Xwys+ESlIExReLwlRS jOnseToQGjjKiSWMa2FvpXzENONoIyrZELzll1dJ 66LquVXvrlap1/I4iuSEnJJz4pFLUie3pEGahBNJ nskreXMenBfn3flYtBacfOaY/IHz+QNO85AW</lat exit><latexit sha1_base64= "m7Ssvgpq4xeKDO5HJ2Zz/mouF7A=">AAAB73icb VBNS8NAEN3Ur1q/qh69LBbBU0mkoMeKF48V7Ae0o Wy2k3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN 6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmT jVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzPz2I2 gjYnWPkwT8iA2VCAVnaKVOD+EJs+tpv1xxq+4cdJV 4OamQHI1++as3iHkagUIumTFdz03Qz5hGwSVMS73 UQML4mA2ha6liERg/m987pWdWGdAw1rYU0rn6eyJ jkTGTKLCdEcORWfZm4n9eN8Xwys+ESlIExReLwlRS jOnseToQGjjKiSWMa2FvpXzENONoIyrZELzll1dJ 66LquVXvrlap1/I4iuSEnJJz4pFLUie3pEGahBNJ nskreXMenBfn3flYtBacfOaY/IHz+QNO85AW</lat exit>
one-sided black hole
<latexit sh a1_base64="2ZE3gUs6O fthZtHAA7vnCgiqdIc=" >AAACInicbVBNS8NAEN34 WetX1aOXxSJ4sSQi6LHg xWMFWwu2lM1mYhY3u2F3I pbQg/9F8Kp/w5t4EvwR/ gS3bQ5WfTDweG9mmHlhJ oVF3//w5uYXFpeWKyvV1b X1jc3a1nbH6txwaHMtte mGzIIUCtooUEI3M8DSUM JVeHs29q/uwFih1SUOM+i n7EaJWHCGThrUdnsI91h oBYdWRBDRUDJ+SxMtYTSo 1f2GPwH9S4KS1EmJ1qD2 1Ys0z1NQyCWz9jrwM+wX zKDgbl+1l1vI3Hp2A9eOK paC7ReTJ0Z03ykRjbVxp ZBO1J8TBUutHaah60wZJv a3Nxb/9bJkaAW3zivZ7B 0Yn/YLobIcQfHpGXEuKW o6zotGwgBHOXSEcSPcJ5Q nzDCOLtWqiyj4Hchf0jl qBH4juDiuN/0yrArZJXv kgATkhDTJOWmRNuHkgTyR Z/LiPXqv3pv3Pm2d88qZ HTID7/MbXfikkw==</lat exit><latexit sh a1_base64="2ZE3gUs6O fthZtHAA7vnCgiqdIc=" >AAACInicbVBNS8NAEN34 WetX1aOXxSJ4sSQi6LHg xWMFWwu2lM1mYhY3u2F3I pbQg/9F8Kp/w5t4EvwR/ gS3bQ5WfTDweG9mmHlhJ oVF3//w5uYXFpeWKyvV1b X1jc3a1nbH6txwaHMtte mGzIIUCtooUEI3M8DSUM JVeHs29q/uwFih1SUOM+i n7EaJWHCGThrUdnsI91h oBYdWRBDRUDJ+SxMtYTSo 1f2GPwH9S4KS1EmJ1qD2 1Ys0z1NQyCWz9jrwM+wX zKDgbl+1l1vI3Hp2A9eOK paC7ReTJ0Z03ykRjbVxp ZBO1J8TBUutHaah60wZJv a3Nxb/9bJkaAW3zivZ7B 0Yn/YLobIcQfHpGXEuKW o6zotGwgBHOXSEcSPcJ5Q nzDCOLtWqiyj4Hchf0jl qBH4juDiuN/0yrArZJXv kgATkhDTJOWmRNuHkgTyR Z/LiPXqv3pv3Pm2d88qZ HTID7/MbXfikkw==</lat exit><latexit sh a1_base64="2ZE3gUs6O fthZtHAA7vnCgiqdIc=" >AAACInicbVBNS8NAEN34 WetX1aOXxSJ4sSQi6LHg xWMFWwu2lM1mYhY3u2F3I pbQg/9F8Kp/w5t4EvwR/ gS3bQ5WfTDweG9mmHlhJ oVF3//w5uYXFpeWKyvV1b X1jc3a1nbH6txwaHMtte mGzIIUCtooUEI3M8DSUM JVeHs29q/uwFih1SUOM+i n7EaJWHCGThrUdnsI91h oBYdWRBDRUDJ+SxMtYTSo 1f2GPwH9S4KS1EmJ1qD2 1Ys0z1NQyCWz9jrwM+wX zKDgbl+1l1vI3Hp2A9eOK paC7ReTJ0Z03ykRjbVxp ZBO1J8TBUutHaah60wZJv a3Nxb/9bJkaAW3zivZ7B 0Yn/YLobIcQfHpGXEuKW o6zotGwgBHOXSEcSPcJ5Q nzDCOLtWqiyj4Hchf0jl qBH4juDiuN/0yrArZJXv kgATkhDTJOWmRNuHkgTyR Z/LiPXqv3pv3Pm2d88qZ HTID7/MbXfikkw==</lat exit><latexit sh a1_base64="2ZE3gUs6O fthZtHAA7vnCgiqdIc=" >AAACInicbVBNS8NAEN34 WetX1aOXxSJ4sSQi6LHg xWMFWwu2lM1mYhY3u2F3I pbQg/9F8Kp/w5t4EvwR/ gS3bQ5WfTDweG9mmHlhJ oVF3//w5uYXFpeWKyvV1b X1jc3a1nbH6txwaHMtte mGzIIUCtooUEI3M8DSUM JVeHs29q/uwFih1SUOM+i n7EaJWHCGThrUdnsI91h oBYdWRBDRUDJ+SxMtYTSo 1f2GPwH9S4KS1EmJ1qD2 1Ys0z1NQyCWz9jrwM+wX zKDgbl+1l1vI3Hp2A9eOK paC7ReTJ0Z03ykRjbVxp ZBO1J8TBUutHaah60wZJv a3Nxb/9bJkaAW3zivZ7B 0Yn/YLobIcQfHpGXEuKW o6zotGwgBHOXSEcSPcJ5Q nzDCOLtWqiyj4Hchf0jl qBH4juDiuN/0yrArZJXv kgATkhDTJOWmRNuHkgTyR Z/LiPXqv3pv3Pm2d88qZ HTID7/MbXfikkw==</lat exit>
B<latexit sha1_base64="xGjfHCz/dXU0IHtRPat VILkJqZw=">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkoioi6LblxWsD/QhjKZ3rRDJ5MwcyOW0GcQ3O pruBO3PoNv4SM4bbOwrRcGPs65F86cIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6jzWMa6FTADUi ioo0AJrUQDiwIJzWB4O/Gbj6CNiNUDjhLwI9ZXIhScoZVaHYQnzG7G3VLZrbjTocvg5VAm+dS6pZ9OL+Z pBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtkXFIjB+Ns07pqdW6dEw1vYppFP170XGImNGUWA3I4YDs+hN xH+9ZDAyghvr5TSfA8NrPxMqSREUn8UIU0kxppNqaE9o4ChHFhjXwv6E8gHTjKMtsGgr8hYLWYbGecVz K979Rbl6mZdVIMfkhJwRj1yRKrkjNVInnEjyQl7Jm/PsvDsfzudsdcXJb47I3DhfvweWnI8=</latexit ><latexit sha1_base64="xGjfHCz/dXU0IHtRPat VILkJqZw=">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkoioi6LblxWsD/QhjKZ3rRDJ5MwcyOW0GcQ3O pruBO3PoNv4SM4bbOwrRcGPs65F86cIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6jzWMa6FTADUi ioo0AJrUQDiwIJzWB4O/Gbj6CNiNUDjhLwI9ZXIhScoZVaHYQnzG7G3VLZrbjTocvg5VAm+dS6pZ9OL+Z pBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtkXFIjB+Ns07pqdW6dEw1vYppFP170XGImNGUWA3I4YDs+hN xH+9ZDAyghvr5TSfA8NrPxMqSREUn8UIU0kxppNqaE9o4ChHFhjXwv6E8gHTjKMtsGgr8hYLWYbGecVz K979Rbl6mZdVIMfkhJwRj1yRKrkjNVInnEjyQl7Jm/PsvDsfzudsdcXJb47I3DhfvweWnI8=</latexit ><latexit sha1_base64="xGjfHCz/dXU0IHtRPat VILkJqZw=">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkoioi6LblxWsD/QhjKZ3rRDJ5MwcyOW0GcQ3O pruBO3PoNv4SM4bbOwrRcGPs65F86cIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6jzWMa6FTADUi ioo0AJrUQDiwIJzWB4O/Gbj6CNiNUDjhLwI9ZXIhScoZVaHYQnzG7G3VLZrbjTocvg5VAm+dS6pZ9OL+Z pBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtkXFIjB+Ns07pqdW6dEw1vYppFP170XGImNGUWA3I4YDs+hN xH+9ZDAyghvr5TSfA8NrPxMqSREUn8UIU0kxppNqaE9o4ChHFhjXwv6E8gHTjKMtsGgr8hYLWYbGecVz K979Rbl6mZdVIMfkhJwRj1yRKrkjNVInnEjyQl7Jm/PsvDsfzudsdcXJb47I3DhfvweWnI8=</latexit ><latexit sha1_base64="xGjfHCz/dXU0IHtRPat VILkJqZw=">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkoioi6LblxWsD/QhjKZ3rRDJ5MwcyOW0GcQ3O pruBO3PoNv4SM4bbOwrRcGPs65F86cIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6jzWMa6FTADUi ioo0AJrUQDiwIJzWB4O/Gbj6CNiNUDjhLwI9ZXIhScoZVaHYQnzG7G3VLZrbjTocvg5VAm+dS6pZ9OL+Z pBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtkXFIjB+Ns07pqdW6dEw1vYppFP170XGImNGUWA3I4YDs+hN xH+9ZDAyghvr5TSfA8NrPxMqSREUn8UIU0kxppNqaE9o4ChHFhjXwv6E8gHTjKMtsGgr8hYLWYbGecVz K979Rbl6mZdVIMfkhJwRj1yRKrkjNVInnEjyQl7Jm/PsvDsfzudsdcXJb47I3DhfvweWnI8=</latexit >
two-side black hole
<latexit sha1_base64=" 7qhvVSAO7DXXHsrotC838ihjYLE=">AAACIXicbVDLSg NBEJyNrxhfUW96GQyCF8NuEPQY8OIxgnlAEsLspJMMm d1ZZnrVsAT8F8Gr/oY38Sb+hJ/gJNmDSSxoKKq6m+7yI ykMuu6Xk1lZXVvfyG7mtrZ3dvfy+wc1o2LNocqVVLrh MwNShFBFgRIakQYW+BLq/vB64tfvQRuhwjscRdAOWD8U PcEZWqmTP2ohPGKCD+rciC5QXzI+pAMlYdzJF9yiOwV dJl5KCiRFpZP/aXUVjwMIkUtmTNNzI2wnTKPgdl+uFRu I7HrWh6alIQvAtJPpD2N6apUu7SltK0Q6Vf9OJCwwZh T4tjNgODCL3kT814sGIyO4sV7K5u/A3lU7EWEUI4R8dk YvlhQVncRFu0IDRzmyhHEt7CeUD5hmHG2oORuRtxjIM qmVip5b9G4vCuVSGlaWHJMTckY8cknK5IZUSJVw8kRey Ct5c56dd+fD+Zy1Zpx05pDMwfn+BbRjpD8=</latexi t><latexit sha1_base64=" 7qhvVSAO7DXXHsrotC838ihjYLE=">AAACIXicbVDLSg NBEJyNrxhfUW96GQyCF8NuEPQY8OIxgnlAEsLspJMMm d1ZZnrVsAT8F8Gr/oY38Sb+hJ/gJNmDSSxoKKq6m+7yI ykMuu6Xk1lZXVvfyG7mtrZ3dvfy+wc1o2LNocqVVLrh MwNShFBFgRIakQYW+BLq/vB64tfvQRuhwjscRdAOWD8U PcEZWqmTP2ohPGKCD+rciC5QXzI+pAMlYdzJF9yiOwV dJl5KCiRFpZP/aXUVjwMIkUtmTNNzI2wnTKPgdl+uFRu I7HrWh6alIQvAtJPpD2N6apUu7SltK0Q6Vf9OJCwwZh T4tjNgODCL3kT814sGIyO4sV7K5u/A3lU7EWEUI4R8dk YvlhQVncRFu0IDRzmyhHEt7CeUD5hmHG2oORuRtxjIM qmVip5b9G4vCuVSGlaWHJMTckY8cknK5IZUSJVw8kRey Ct5c56dd+fD+Zy1Zpx05pDMwfn+BbRjpD8=</latexi t><latexit sha1_base64=" 7qhvVSAO7DXXHsrotC838ihjYLE=">AAACIXicbVDLSg NBEJyNrxhfUW96GQyCF8NuEPQY8OIxgnlAEsLspJMMm d1ZZnrVsAT8F8Gr/oY38Sb+hJ/gJNmDSSxoKKq6m+7yI ykMuu6Xk1lZXVvfyG7mtrZ3dvfy+wc1o2LNocqVVLrh MwNShFBFgRIakQYW+BLq/vB64tfvQRuhwjscRdAOWD8U PcEZWqmTP2ohPGKCD+rciC5QXzI+pAMlYdzJF9yiOwV dJl5KCiRFpZP/aXUVjwMIkUtmTNNzI2wnTKPgdl+uFRu I7HrWh6alIQvAtJPpD2N6apUu7SltK0Q6Vf9OJCwwZh T4tjNgODCL3kT814sGIyO4sV7K5u/A3lU7EWEUI4R8dk YvlhQVncRFu0IDRzmyhHEt7CeUD5hmHG2oORuRtxjIM qmVip5b9G4vCuVSGlaWHJMTckY8cknK5IZUSJVw8kRey Ct5c56dd+fD+Zy1Zpx05pDMwfn+BbRjpD8=</latexi t><latexit sha1_base64=" 7qhvVSAO7DXXHsrotC838ihjYLE=">AAACIXicbVDLSg NBEJyNrxhfUW96GQyCF8NuEPQY8OIxgnlAEsLspJMMm d1ZZnrVsAT8F8Gr/oY38Sb+hJ/gJNmDSSxoKKq6m+7yI ykMuu6Xk1lZXVvfyG7mtrZ3dvfy+wc1o2LNocqVVLrh MwNShFBFgRIakQYW+BLq/vB64tfvQRuhwjscRdAOWD8U PcEZWqmTP2ohPGKCD+rciC5QXzI+pAMlYdzJF9yiOwV dJl5KCiRFpZP/aXUVjwMIkUtmTNNzI2wnTKPgdl+uFRu I7HrWh6alIQvAtJPpD2N6apUu7SltK0Q6Vf9OJCwwZh T4tjNgODCL3kT814sGIyO4sV7K5u/A3lU7EWEUI4R8dk YvlhQVncRFu0IDRzmyhHEt7CeUD5hmHG2oORuRtxjIM qmVip5b9G4vCuVSGlaWHJMTckY8cknK5IZUSJVw8kRey Ct5c56dd+fD+Zy1Zpx05pDMwfn+BbRjpD8=</latexi t>
tw + t⇤
<latexit sha1_base64="xyAEpLto79kL/yhLfkATZlJDOi8 =">AAAB7nicbVBNS8NAEJ34WetX1aOXxSKIQklE0GPBi8cK9gPaEDbbTbt0swm7E6WE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMD MvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g5Ht1O//ci1EYl6wHHK/ZgOlIgEo2 ilNgZPFxicB5WqW3NnIMvEK0gVCjSCylevn7As5gqZpMZ0PTdFP6caBZN8Uu5lhqeUjeiAdy1VNObGz2fnTsipVfokSrQthWS m/p7IaWzMOA5tZ0xxaBa9qfif180wuvFzodIMuWLzRVEmCSZk+jvpC80ZyrEllGlhbyVsSDVlaBMq2xC8xZeXSeuy5rk17/6q WneLOEpwDCdwBh5cQx3uoAFNYDCCZ3iFNyd1Xpx352PeuuIUM0fwB87nD8WgjyA=</latexit><latexit sha1_base64="xyAEpLto79kL/yhLfkATZlJDOi8 =">AAAB7nicbVBNS8NAEJ34WetX1aOXxSKIQklE0GPBi8cK9gPaEDbbTbt0swm7E6WE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMD MvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g5Ht1O//ci1EYl6wHHK/ZgOlIgEo2 ilNgZPFxicB5WqW3NnIMvEK0gVCjSCylevn7As5gqZpMZ0PTdFP6caBZN8Uu5lhqeUjeiAdy1VNObGz2fnTsipVfokSrQthWS m/p7IaWzMOA5tZ0xxaBa9qfif180wuvFzodIMuWLzRVEmCSZk+jvpC80ZyrEllGlhbyVsSDVlaBMq2xC8xZeXSeuy5rk17/6q WneLOEpwDCdwBh5cQx3uoAFNYDCCZ3iFNyd1Xpx352PeuuIUM0fwB87nD8WgjyA=</latexit><latexit sha1_base64="xyAEpLto79kL/yhLfkATZlJDOi8 =">AAAB7nicbVBNS8NAEJ34WetX1aOXxSKIQklE0GPBi8cK9gPaEDbbTbt0swm7E6WE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMD MvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g5Ht1O//ci1EYl6wHHK/ZgOlIgEo2 ilNgZPFxicB5WqW3NnIMvEK0gVCjSCylevn7As5gqZpMZ0PTdFP6caBZN8Uu5lhqeUjeiAdy1VNObGz2fnTsipVfokSrQthWS m/p7IaWzMOA5tZ0xxaBa9qfif180wuvFzodIMuWLzRVEmCSZk+jvpC80ZyrEllGlhbyVsSDVlaBMq2xC8xZeXSeuy5rk17/6q WneLOEpwDCdwBh5cQx3uoAFNYDCCZ3iFNyd1Xpx352PeuuIUM0fwB87nD8WgjyA=</latexit><latexit sha1_base64="xyAEpLto79kL/yhLfkATZlJDOi8 =">AAAB7nicbVBNS8NAEJ34WetX1aOXxSKIQklE0GPBi8cK9gPaEDbbTbt0swm7E6WE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMD MvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g5Ht1O//ci1EYl6wHHK/ZgOlIgEo2 ilNgZPFxicB5WqW3NnIMvEK0gVCjSCylevn7As5gqZpMZ0PTdFP6caBZN8Uu5lhqeUjeiAdy1VNObGz2fnTsipVfokSrQthWS m/p7IaWzMOA5tZ0xxaBa9qfif180wuvFzodIMuWLzRVEmCSZk+jvpC80ZyrEllGlhbyVsSDVlaBMq2xC8xZeXSeuy5rk17/6q WneLOEpwDCdwBh5cQx3uoAFNYDCCZ3iFNyd1Xpx352PeuuIUM0fwB87nD8WgjyA=</latexit>
A
<latexit sha1_base64="m7Ssvgpq4xeKDO5HJ2Zz/mouF7A =">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoMeKF48V7Ae0oWy2k3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYW ZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzPz2I2gjYnWPkwT8iA2VCAVnaK VOD+EJs+tpv1xxq+4cdJV4OamQHI1++as3iHkagUIumTFdz03Qz5hGwSVMS73UQML4mA2ha6liERg/m987pWdWGdAw1rYU0rn 6eyJjkTGTKLCdEcORWfZm4n9eN8Xwys+ESlIExReLwlRSjOnseToQGjjKiSWMa2FvpXzENONoIyrZELzll1dJ66LquVXvrlap 1/I4iuSEnJJz4pFLUie3pEGahBNJnskreXMenBfn3flYtBacfOaY/IHz+QNO85AW</latexit><latexit sha1_base64="m7Ssvgpq4xeKDO5HJ2Zz/mouF7A =">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoMeKF48V7Ae0oWy2k3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYW ZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzPz2I2gjYnWPkwT8iA2VCAVnaK VOD+EJs+tpv1xxq+4cdJV4OamQHI1++as3iHkagUIumTFdz03Qz5hGwSVMS73UQML4mA2ha6liERg/m987pWdWGdAw1rYU0rn 6eyJjkTGTKLCdEcORWfZm4n9eN8Xwys+ESlIExReLwlRSjOnseToQGjjKiSWMa2FvpXzENONoIyrZELzll1dJ66LquVXvrlap 1/I4iuSEnJJz4pFLUie3pEGahBNJnskreXMenBfn3flYtBacfOaY/IHz+QNO85AW</latexit><latexit sha1_base64="m7Ssvgpq4xeKDO5HJ2Zz/mouF7A =">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoMeKF48V7Ae0oWy2k3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYW ZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzPz2I2gjYnWPkwT8iA2VCAVnaK VOD+EJs+tpv1xxq+4cdJV4OamQHI1++as3iHkagUIumTFdz03Qz5hGwSVMS73UQML4mA2ha6liERg/m987pWdWGdAw1rYU0rn 6eyJjkTGTKLCdEcORWfZm4n9eN8Xwys+ESlIExReLwlRSjOnseToQGjjKiSWMa2FvpXzENONoIyrZELzll1dJ66LquVXvrlap 1/I4iuSEnJJz4pFLUie3pEGahBNJnskreXMenBfn3flYtBacfOaY/IHz+QNO85AW</latexit><latexit sha1_base64="m7Ssvgpq4xeKDO5HJ2Zz/mouF7A =">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoMeKF48V7Ae0oWy2k3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYW ZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzPz2I2gjYnWPkwT8iA2VCAVnaK VOD+EJs+tpv1xxq+4cdJV4OamQHI1++as3iHkagUIumTFdz03Qz5hGwSVMS73UQML4mA2ha6liERg/m987pWdWGdAw1rYU0rn 6eyJjkTGTKLCdEcORWfZm4n9eN8Xwys+ESlIExReLwlRSjOnseToQGjjKiSWMa2FvpXzENONoIyrZELzll1dJ66LquVXvrlap 1/I4iuSEnJJz4pFLUie3pEGahBNJnskreXMenBfn3flYtBacfOaY/IHz+QNO85AW</latexit>
B<latexit sha1_base64="xGjfHCz/dXU0IHtRPatVILkJqZw =">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkoioi6LblxWsD/QhjKZ3rRDJ5MwcyOW0GcQ3OpruBO3PoNv4SM4bbOwrRcGPs 65F86cIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4O/Gbj6CNiNUDjhLwI9ZXIh ScoZVaHYQnzG7G3VLZrbjTocvg5VAm+dS6pZ9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtkXFIjB+Ns07pqdW6dEw1vY ppFP170XGImNGUWA3I4YDs+hNxH+9ZDAyghvr5TSfA8NrPxMqSREUn8UIU0kxppNqaE9o4ChHFhjXwv6E8gHTjKMtsGgr8hYL WYbGecVzK979Rbl6mZdVIMfkhJwRj1yRKrkjNVInnEjyQl7Jm/PsvDsfzudsdcXJb47I3DhfvweWnI8=</latexit><latexit sha1_base64="xGjfHCz/dXU0IHtRPatVILkJqZw =">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkoioi6LblxWsD/QhjKZ3rRDJ5MwcyOW0GcQ3OpruBO3PoNv4SM4bbOwrRcGPs 65F86cIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4O/Gbj6CNiNUDjhLwI9ZXIh ScoZVaHYQnzG7G3VLZrbjTocvg5VAm+dS6pZ9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtkXFIjB+Ns07pqdW6dEw1vY ppFP170XGImNGUWA3I4YDs+hNxH+9ZDAyghvr5TSfA8NrPxMqSREUn8UIU0kxppNqaE9o4ChHFhjXwv6E8gHTjKMtsGgr8hYL WYbGecVzK979Rbl6mZdVIMfkhJwRj1yRKrkjNVInnEjyQl7Jm/PsvDsfzudsdcXJb47I3DhfvweWnI8=</latexit><latexit sha1_base64="xGjfHCz/dXU0IHtRPatVILkJqZw =">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkoioi6LblxWsD/QhjKZ3rRDJ5MwcyOW0GcQ3OpruBO3PoNv4SM4bbOwrRcGPs 65F86cIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4O/Gbj6CNiNUDjhLwI9ZXIh ScoZVaHYQnzG7G3VLZrbjTocvg5VAm+dS6pZ9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtkXFIjB+Ns07pqdW6dEw1vY ppFP170XGImNGUWA3I4YDs+hNxH+9ZDAyghvr5TSfA8NrPxMqSREUn8UIU0kxppNqaE9o4ChHFhjXwv6E8gHTjKMtsGgr8hYL WYbGecVzK979Rbl6mZdVIMfkhJwRj1yRKrkjNVInnEjyQl7Jm/PsvDsfzudsdcXJb47I3DhfvweWnI8=</latexit><latexit sha1_base64="xGjfHCz/dXU0IHtRPatVILkJqZw =">AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkoioi6LblxWsD/QhjKZ3rRDJ5MwcyOW0GcQ3OpruBO3PoNv4SM4bbOwrRcGPs 65F86cIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4O/Gbj6CNiNUDjhLwI9ZXIh ScoZVaHYQnzG7G3VLZrbjTocvg5VAm+dS6pZ9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtkXFIjB+Ns07pqdW6dEw1vY ppFP170XGImNGUWA3I4YDs+hNxH+9ZDAyghvr5TSfA8NrPxMqSREUn8UIU0kxppNqaE9o4ChHFhjXwv6E8gHTjKMtsGgr8hYL WYbGecVzK979Rbl6mZdVIMfkhJwRj1yRKrkjNVInnEjyQl7Jm/PsvDsfzudsdcXJb47I3DhfvweWnI8=</latexit>
tw
<latexit sha1_base64="96X23WBG+K41U48aUJzyQ37PYTI =">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8H HOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oE QoGEUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfhLG2TyG ZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xUEmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBV aF5UPbfq3V1Wam5eVhFO4BTOwYMrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit><latexit sha1_base64="96X23WBG+K41U48aUJzyQ37PYTI =">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8H HOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oE QoGEUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfhLG2TyG ZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xUEmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBV aF5UPbfq3V1Wam5eVhFO4BTOwYMrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit><latexit sha1_base64="96X23WBG+K41U48aUJzyQ37PYTI =">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8H HOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oE QoGEUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfhLG2TyG ZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xUEmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBV aF5UPbfq3V1Wam5eVhFO4BTOwYMrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit><latexit sha1_base64="96X23WBG+K41U48aUJzyQ37PYTI =">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8H HOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oE QoGEUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfhLG2TyG ZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xUEmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBV aF5UPbfq3V1Wam5eVhFO4BTOwYMrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit>
Interior of two-sided black hole
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Interior of Alice’ black hole
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Figure 7: Perturbed thermofield double. The blue dot is the RT surface. The orange
region is the interior of a two-sided black hole and depends on both A and B. The red
region is the interior of Alice’s black hole.
In this example, the perturbation is scrambled by Alice’s future time evolution and
there is a transition from two-sided black hole for one-sided black hole for Alice.4 Next,
we will study evaporating black hole and draw some analogy with this example.
4In appendix A we examine perturbed thermofield double of charged black holes. I thank Edward
Witten for raising up the potential problem with charged black holes.
8
3 Evaporating black hole
For the convenience of discussion, in this section we assume Bob has the remaining black
hole while Alice has the radiation. There is one obvious difference between the case of
evaporating black hole and the previous example of perturbed thermofield double. For
evaporating black hole, all the computations are done on Bob’s black hole side and there
are no computations done on Alice side. Despite of this, Alice still gets her share of interior,
essentially by the same mechanism as in the previous example.
3.1 Before Page time: Bob’s one-sided black hole
Before Page time, the radiation consists of less than half of the entire system and it is
maximally entangled with the black hole. Bob can reduce the state to SBH Bell pairs
while Alice cannot reduce the complexity of the state.
From our earlier assumptions, the gates stored in the interior belong to Bob. Bob has
his own one-sided black hole and the wormhole storing the gates is his interior.
3.2 Around Page time: two-sided black hole
At around Page time, the black hole and the radiation are maximally entangled. There is
a wormhole with complexity ∼ S2 5 connecting the black hole and the radiation. See the
circuit picture in Figure 8.
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<latexit sha1_base64="r11Mza1Y3V2rtQJIiS0Gx4rGR0Q= ">AAACGnicbZDLSsNAFIYn9VbrLdqlm8EiuCqJCLosuHFZwV6gDWUyPWmHTi7MnIgh9E0Et/oa7sStG9/CR3DaZmFbDwx8/P858M /vJ1JodJxvq7SxubW9U96t7O0fHB7ZxydtHaeKQ4vHMlZdn2mQIoIWCpTQTRSw0JfQ8Se3M7/zCEqLOHrALAEvZKNIBIIzNNLArv YRnjDnQvFUIEURwnRg15y6Mx+6Dm4BNVJMc2D/9IcxT0OIkEumdc91EvRyplBwCdNKP9WQMD5hI+gZjFgI2svn4af03ChDGsTKvA jpXP17kbNQ6yz0zWbIcKxXvZn4r5eMMy24Nl5ByzkwuPFyESUpQsQXMYJUUozprCc6FAo4yswA40qYn1A+ZopxNG1WTEXuaiHr0L 6su07dvb+qNZyirDI5JWfkgrjkmjTIHWmSFuEkIy/klbxZz9a79WF9LlZLVnFTJUtjff0CrvGhqA==</latexit><latexit sha1_base64="r11Mza1Y3V2rtQJIiS0Gx4rGR0Q= ">AAACGnicbZDLSsNAFIYn9VbrLdqlm8EiuCqJCLosuHFZwV6gDWUyPWmHTi7MnIgh9E0Et/oa7sStG9/CR3DaZmFbDwx8/P858M /vJ1JodJxvq7SxubW9U96t7O0fHB7ZxydtHaeKQ4vHMlZdn2mQIoIWCpTQTRSw0JfQ8Se3M7/zCEqLOHrALAEvZKNIBIIzNNLArv YRnjDnQvFUIEURwnRg15y6Mx+6Dm4BNVJMc2D/9IcxT0OIkEumdc91EvRyplBwCdNKP9WQMD5hI+gZjFgI2svn4af03ChDGsTKvA jpXP17kbNQ6yz0zWbIcKxXvZn4r5eMMy24Nl5ByzkwuPFyESUpQsQXMYJUUozprCc6FAo4yswA40qYn1A+ZopxNG1WTEXuaiHr0L 6su07dvb+qNZyirDI5JWfkgrjkmjTIHWmSFuEkIy/klbxZz9a79WF9LlZLVnFTJUtjff0CrvGhqA==</latexit><latexit sha1_base64="r11Mza1Y3V2rtQJIiS0Gx4rGR0Q= ">AAACGnicbZDLSsNAFIYn9VbrLdqlm8EiuCqJCLosuHFZwV6gDWUyPWmHTi7MnIgh9E0Et/oa7sStG9/CR3DaZmFbDwx8/P858M /vJ1JodJxvq7SxubW9U96t7O0fHB7ZxydtHaeKQ4vHMlZdn2mQIoIWCpTQTRSw0JfQ8Se3M7/zCEqLOHrALAEvZKNIBIIzNNLArv YRnjDnQvFUIEURwnRg15y6Mx+6Dm4BNVJMc2D/9IcxT0OIkEumdc91EvRyplBwCdNKP9WQMD5hI+gZjFgI2svn4af03ChDGsTKvA jpXP17kbNQ6yz0zWbIcKxXvZn4r5eMMy24Nl5ByzkwuPFyESUpQsQXMYJUUozprCc6FAo4yswA40qYn1A+ZopxNG1WTEXuaiHr0L 6su07dvb+qNZyirDI5JWfkgrjkmjTIHWmSFuEkIy/klbxZz9a79WF9LlZLVnFTJUtjff0CrvGhqA==</latexit><latexit sha1_base64="r11Mza1Y3V2rtQJIiS0Gx4rGR0Q= ">AAACGnicbZDLSsNAFIYn9VbrLdqlm8EiuCqJCLosuHFZwV6gDWUyPWmHTi7MnIgh9E0Et/oa7sStG9/CR3DaZmFbDwx8/P858M /vJ1JodJxvq7SxubW9U96t7O0fHB7ZxydtHaeKQ4vHMlZdn2mQIoIWCpTQTRSw0JfQ8Se3M7/zCEqLOHrALAEvZKNIBIIzNNLArv YRnjDnQvFUIEURwnRg15y6Mx+6Dm4BNVJMc2D/9IcxT0OIkEumdc91EvRyplBwCdNKP9WQMD5hI+gZjFgI2svn4af03ChDGsTKvA jpXP17kbNQ6yz0zWbIcKxXvZn4r5eMMy24Nl5ByzkwuPFyESUpQsQXMYJUUozprCc6FAo4yswA40qYn1A+ZopxNG1WTEXuaiHr0L 6su07dvb+qNZyirDI5JWfkgrjkmjTIHWmSFuEkIy/klbxZz9a79WF9LlZLVnFTJUtjff0CrvGhqA==</latexit>
Figure 8
Unlike the case before Page time, the quantum circuit does not belong to Bob’s sub-
system alone. The gates can be undone by Alice and they belong to the union of the
radiation and the black hole.
Note that the circuit time going right corresponds to the radial location of the worm-
hole. Since all the computations are done by Bob, there is an identification between Bob’s
5One needs to be careful about the definition of complexity here. See [16].
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time and the interior radial location, so we can also identify the circuit time with Bob’s
time (Figure 9).[17] We will use this fact later.
 t
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Figure 9
3.3 After Page time: island as the interior of Alice’s one-sided
black hole
After Page time, the black hole is maximally entangled with the radiation so Bob’s com-
putations can be undone from the radiation by Alice. From this point of view, Bob’s
remaining black hole is a two-sided black hole. This is consistent with the result in [1, 2]
that the RT surface (blue dot in Figure 11) lies almost at the horizon, i.e., Bob’s remaining
black hole does not have its own interior. If he jumps into the black hole after Page time,
he will enter the entanglement region (orange region in Figure 11) and Alice can affect his
experience in the interior. This is the resolution of firewall paradox given in [13].
As Bob’s time increases, the quantum circuit grows and new gates will be stored in the
entanglement region. The orange region in Figure 11 grows from the right end. On the
other hand, the black hole also gives some of its qubits to the radiation. Let’s look at its
effect from the point of view of quantum circuit.
We start from a quantum circuit connecting Alice’s radiation and Bob’s black hole as
in Figure 8. It stores Bob’s computations until Page time. Now Bob takes out c qubits
and gives them to Alice. We follow these c qubits in the quantum circuit and go backward
in the circuit time, i.e., we read Figure 10 from the right to the left. At the right end of the
circuit there are SBH − c qubits belonging to Bob’s black hole. Then c qubits belonging
to Alice come in. After circuit time t∗, the extra c qubits completely scramble the circuits
and any gates on the left of that (red dots in Figure 10) can no longer be undone by Bob.
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They belong to Alice. Alice gets her share of the circuit despite that she didn’t do any of
these computations.
Rad
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c qubits
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two-sided black hole
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<latexit sha1_base64="Wdz0y1ygw5TazXYezMRR 27k53KE=">AAACDnicbZDNSgMxFIUz9a/Wv6pLN8EiuCozIuiy6KbLCvZH2qFk0kwbmmSG5I44DH0Hwa2+h jtx6yv4Fj6CaTsL23oh8HHOvXByglhwA6777RTW1jc2t4rbpZ3dvf2D8uFRy0SJpqxJIxHpTkAME1yxJnAQr BNrRmQgWDsY30799iPThkfqHtKY+ZIMFQ85JWClhx6wJ8hu6pN+ueJW3dngVfByqKB8Gv3yT28Q0UQyBVQQ Y7qeG4OfEQ2cCjYp9RLDYkLHZMi6FhWRzPjZLPAEn1llgMNI26cAz9S/FxmRxqQysJuSwMgse1PxXy8epYZ TY72cFnNAeO1nXMUJMEXnMcJEYIjwtBs84JpREKkFQjW3P8F0RDShYBss2Yq85UJWoXVR9dyqd3dZqbl5WUV 0gk7ROfLQFaqhOmqgJqJIohf0it6cZ+fd+XA+56sFJ785RgvjfP0Co46c2w==</latexit><latexit sha1_base64="Wdz0y1ygw5TazXYezMRR 27k53KE=">AAACDnicbZDNSgMxFIUz9a/Wv6pLN8EiuCozIuiy6KbLCvZH2qFk0kwbmmSG5I44DH0Hwa2+h jtx6yv4Fj6CaTsL23oh8HHOvXByglhwA6777RTW1jc2t4rbpZ3dvf2D8uFRy0SJpqxJIxHpTkAME1yxJnAQr BNrRmQgWDsY30799iPThkfqHtKY+ZIMFQ85JWClhx6wJ8hu6pN+ueJW3dngVfByqKB8Gv3yT28Q0UQyBVQQ Y7qeG4OfEQ2cCjYp9RLDYkLHZMi6FhWRzPjZLPAEn1llgMNI26cAz9S/FxmRxqQysJuSwMgse1PxXy8epYZ TY72cFnNAeO1nXMUJMEXnMcJEYIjwtBs84JpREKkFQjW3P8F0RDShYBss2Yq85UJWoXVR9dyqd3dZqbl5WUV 0gk7ROfLQFaqhOmqgJqJIohf0it6cZ+fd+XA+56sFJ785RgvjfP0Co46c2w==</latexit><latexit sha1_base64="Wdz0y1ygw5TazXYezMRR 27k53KE=">AAACDnicbZDNSgMxFIUz9a/Wv6pLN8EiuCozIuiy6KbLCvZH2qFk0kwbmmSG5I44DH0Hwa2+h jtx6yv4Fj6CaTsL23oh8HHOvXByglhwA6777RTW1jc2t4rbpZ3dvf2D8uFRy0SJpqxJIxHpTkAME1yxJnAQr BNrRmQgWDsY30799iPThkfqHtKY+ZIMFQ85JWClhx6wJ8hu6pN+ueJW3dngVfByqKB8Gv3yT28Q0UQyBVQQ Y7qeG4OfEQ2cCjYp9RLDYkLHZMi6FhWRzPjZLPAEn1llgMNI26cAz9S/FxmRxqQysJuSwMgse1PxXy8epYZ TY72cFnNAeO1nXMUJMEXnMcJEYIjwtBs84JpREKkFQjW3P8F0RDShYBss2Yq85UJWoXVR9dyqd3dZqbl5WUV 0gk7ROfLQFaqhOmqgJqJIohf0it6cZ+fd+XA+56sFJ785RgvjfP0Co46c2w==</latexit><latexit sha1_base64="Wdz0y1ygw5TazXYezMRR 27k53KE=">AAACDnicbZDNSgMxFIUz9a/Wv6pLN8EiuCozIuiy6KbLCvZH2qFk0kwbmmSG5I44DH0Hwa2+h jtx6yv4Fj6CaTsL23oh8HHOvXByglhwA6777RTW1jc2t4rbpZ3dvf2D8uFRy0SJpqxJIxHpTkAME1yxJnAQr BNrRmQgWDsY30799iPThkfqHtKY+ZIMFQ85JWClhx6wJ8hu6pN+ueJW3dngVfByqKB8Gv3yT28Q0UQyBVQQ Y7qeG4OfEQ2cCjYp9RLDYkLHZMi6FhWRzPjZLPAEn1llgMNI26cAz9S/FxmRxqQysJuSwMgse1PxXy8epYZ TY72cFnNAeO1nXMUJMEXnMcJEYIjwtBs84JpREKkFQjW3P8F0RDShYBss2Yq85UJWoXVR9dyqd3dZqbl5WUV 0gk7ROfLQFaqhOmqgJqJIohf0it6cZ+fd+XA+56sFJ785RgvjfP0Co46c2w==</latexit>Rad
<latexit sha1_base6 4="QvtMSa5+9jAE6ww11w4CuiOmrAM=">AAACD 3icbZDNSsNAFIVv/K31r+rSTbAIrkoigi4Lblx WsT/YhjKZTNqhk0mYuRFD6EMIbvU13IlbH8G38 BGctlnY1gsDH+fcC2eOnwiu0XG+rZXVtfWNzd JWeXtnd2+/cnDY0nGqKGvSWMSq4xPNBJesiRwF 6ySKkcgXrO2Prid++5EpzWN5j1nCvIgMJA85JW ikhx6yJ8zvSDDuV6pOzZmOvQxuAVUoptGv/PS CmKYRk0gF0brrOgl6OVHIqWDjci/VLCF0RAasa 1CSiGkvnyYe26dGCewwVuZJtKfq34ucRFpnkW8 2I4JDvehNxH+9ZJhpTrXxCprPgeGVl3OZpMgkn cUIU2FjbE/KsQOuGEWRGSBUcfMTmw6JIhRNhW VTkbtYyDK0zmuuU3NvL6p1pyirBMdwAmfgwiXU 4QYa0AQKEl7gFd6sZ+vd+rA+Z6srVnFzBHNjff 0CstWdcg==</latexit><latexit sha1_base6 4="QvtMSa5+9jAE6ww11w4CuiOmrAM=">AAACD 3icbZDNSsNAFIVv/K31r+rSTbAIrkoigi4Lblx WsT/YhjKZTNqhk0mYuRFD6EMIbvU13IlbH8G38 BGctlnY1gsDH+fcC2eOnwiu0XG+rZXVtfWNzd JWeXtnd2+/cnDY0nGqKGvSWMSq4xPNBJesiRwF 6ySKkcgXrO2Prid++5EpzWN5j1nCvIgMJA85JW ikhx6yJ8zvSDDuV6pOzZmOvQxuAVUoptGv/PS CmKYRk0gF0brrOgl6OVHIqWDjci/VLCF0RAasa 1CSiGkvnyYe26dGCewwVuZJtKfq34ucRFpnkW8 2I4JDvehNxH+9ZJhpTrXxCprPgeGVl3OZpMgkn cUIU2FjbE/KsQOuGEWRGSBUcfMTmw6JIhRNhW VTkbtYyDK0zmuuU3NvL6p1pyirBMdwAmfgwiXU 4QYa0AQKEl7gFd6sZ+vd+rA+Z6srVnFzBHNjff 0CstWdcg==</latexit><latexit sha1_base6 4="QvtMSa5+9jAE6ww11w4CuiOmrAM=">AAACD 3icbZDNSsNAFIVv/K31r+rSTbAIrkoigi4Lblx WsT/YhjKZTNqhk0mYuRFD6EMIbvU13IlbH8G38 BGctlnY1gsDH+fcC2eOnwiu0XG+rZXVtfWNzd JWeXtnd2+/cnDY0nGqKGvSWMSq4xPNBJesiRwF 6ySKkcgXrO2Prid++5EpzWN5j1nCvIgMJA85JW ikhx6yJ8zvSDDuV6pOzZmOvQxuAVUoptGv/PS CmKYRk0gF0brrOgl6OVHIqWDjci/VLCF0RAasa 1CSiGkvnyYe26dGCewwVuZJtKfq34ucRFpnkW8 2I4JDvehNxH+9ZJhpTrXxCprPgeGVl3OZpMgkn cUIU2FjbE/KsQOuGEWRGSBUcfMTmw6JIhRNhW VTkbtYyDK0zmuuU3NvL6p1pyirBMdwAmfgwiXU 4QYa0AQKEl7gFd6sZ+vd+rA+Z6srVnFzBHNjff 0CstWdcg==</latexit><latexit sha1_base6 4="QvtMSa5+9jAE6ww11w4CuiOmrAM=">AAACD 3icbZDNSsNAFIVv/K31r+rSTbAIrkoigi4Lblx WsT/YhjKZTNqhk0mYuRFD6EMIbvU13IlbH8G38 BGctlnY1gsDH+fcC2eOnwiu0XG+rZXVtfWNzd JWeXtnd2+/cnDY0nGqKGvSWMSq4xPNBJesiRwF 6ySKkcgXrO2Prid++5EpzWN5j1nCvIgMJA85JW ikhx6yJ8zvSDDuV6pOzZmOvQxuAVUoptGv/PS CmKYRk0gF0brrOgl6OVHIqWDjci/VLCF0RAasa 1CSiGkvnyYe26dGCewwVuZJtKfq34ucRFpnkW8 2I4JDvehNxH+9ZJhpTrXxCprPgeGVl3OZpMgkn cUIU2FjbE/KsQOuGEWRGSBUcfMTmw6JIhRNhW VTkbtYyDK0zmuuU3NvL6p1pyirBMdwAmfgwiXU 4QYa0AQKEl7gFd6sZ+vd+rA+Z6srVnFzBHNjff 0CstWdcg==</latexit>
t⇤
<latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM= ">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3A tnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQ fsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhM WkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1Vp ebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM= ">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3A tnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQ fsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhM WkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1Vp ebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM= ">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3A tnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQ fsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhM WkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1Vp ebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM= ">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3A tnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQ fsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhM WkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1Vp ebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit>
Alice’s one-sided black hole
<latexit sha1_base64="ssh jQKfoPS2xJSI20n303H4Xauw=">AAACKnicbVDLSgNBEJz1bXx FPXoZDKIXw64Ieox48ahgEiFZwuxsxwzOziwzveKy5AP8F8Gr/ oa34NUP8BOcJHvwVdBQVHU33RWlUlj0/ZE3Mzs3v7C4tFxZWV1 b36hubrWszgyHJtdSm5uIWZBCQRMFSrhJDbAkktCO7s7Hfvsej BVaXWOeQpiwWyX6gjN0Uq9a6yI8YHEmBYd9S7WCQytiiGkkGb +jAy1h6Lr8uj8B/UuCktRIicte9bMba54loJBLZm0n8FMMC2ZQ cLev0s0spG49u4WOo4olYMNi8syQ7jklpn1tXCmkE/X7RMESa/ Mkcp0Jw4H97Y3Ff710kFvBrfNK9vMO7J+GhVBphqD49Ix+Jilq Os6NxsIAR5k7wrgR7hPKB8wwji7dioso+B3IX9I6qgd+Pbg6rj X8MqwlskN2yQEJyAlpkAtySZqEk0fyTF7Iq/fkvXkj733aOuOV M9vkB7yPLxqSp3s=</latexit><latexit sha1_base64="ssh jQKfoPS2xJSI20n303H4Xauw=">AAACKnicbVDLSgNBEJz1bXx FPXoZDKIXw64Ieox48ahgEiFZwuxsxwzOziwzveKy5AP8F8Gr/ oa34NUP8BOcJHvwVdBQVHU33RWlUlj0/ZE3Mzs3v7C4tFxZWV1 b36hubrWszgyHJtdSm5uIWZBCQRMFSrhJDbAkktCO7s7Hfvsej BVaXWOeQpiwWyX6gjN0Uq9a6yI8YHEmBYd9S7WCQytiiGkkGb +jAy1h6Lr8uj8B/UuCktRIicte9bMba54loJBLZm0n8FMMC2ZQ cLev0s0spG49u4WOo4olYMNi8syQ7jklpn1tXCmkE/X7RMESa/ Mkcp0Jw4H97Y3Ff710kFvBrfNK9vMO7J+GhVBphqD49Ix+Jilq Os6NxsIAR5k7wrgR7hPKB8wwji7dioso+B3IX9I6qgd+Pbg6rj X8MqwlskN2yQEJyAlpkAtySZqEk0fyTF7Iq/fkvXkj733aOuOV M9vkB7yPLxqSp3s=</latexit><latexit sha1_base64="ssh jQKfoPS2xJSI20n303H4Xauw=">AAACKnicbVDLSgNBEJz1bXx FPXoZDKIXw64Ieox48ahgEiFZwuxsxwzOziwzveKy5AP8F8Gr/ oa34NUP8BOcJHvwVdBQVHU33RWlUlj0/ZE3Mzs3v7C4tFxZWV1 b36hubrWszgyHJtdSm5uIWZBCQRMFSrhJDbAkktCO7s7Hfvsej BVaXWOeQpiwWyX6gjN0Uq9a6yI8YHEmBYd9S7WCQytiiGkkGb +jAy1h6Lr8uj8B/UuCktRIicte9bMba54loJBLZm0n8FMMC2ZQ cLev0s0spG49u4WOo4olYMNi8syQ7jklpn1tXCmkE/X7RMESa/ Mkcp0Jw4H97Y3Ff710kFvBrfNK9vMO7J+GhVBphqD49Ix+Jilq Os6NxsIAR5k7wrgR7hPKB8wwji7dioso+B3IX9I6qgd+Pbg6rj X8MqwlskN2yQEJyAlpkAtySZqEk0fyTF7Iq/fkvXkj733aOuOV M9vkB7yPLxqSp3s=</latexit><latexit sha1_base64="ssh jQKfoPS2xJSI20n303H4Xauw=">AAACKnicbVDLSgNBEJz1bXx FPXoZDKIXw64Ieox48ahgEiFZwuxsxwzOziwzveKy5AP8F8Gr/ oa34NUP8BOcJHvwVdBQVHU33RWlUlj0/ZE3Mzs3v7C4tFxZWV1 b36hubrWszgyHJtdSm5uIWZBCQRMFSrhJDbAkktCO7s7Hfvsej BVaXWOeQpiwWyX6gjN0Uq9a6yI8YHEmBYd9S7WCQytiiGkkGb +jAy1h6Lr8uj8B/UuCktRIicte9bMba54loJBLZm0n8FMMC2ZQ cLev0s0spG49u4WOo4olYMNi8syQ7jklpn1tXCmkE/X7RMESa/ Mkcp0Jw4H97Y3Ff710kFvBrfNK9vMO7J+GhVBphqD49Ix+Jilq Os6NxsIAR5k7wrgR7hPKB8wwji7dioso+B3IX9I6qgd+Pbg6rj X8MqwlskN2yQEJyAlpkAtySZqEk0fyTF7Iq/fkvXkj733aOuOV M9vkB7yPLxqSp3s=</latexit>
t
<latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4= ">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2 dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLR xUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2 M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyir DKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4= ">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2 dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLR xUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2 M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyir DKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4= ">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2 dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLR xUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2 M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyir DKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4= ">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2 dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLR xUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2 M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyir DKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit>
circuit time
<latexit sha1_base64="r11Mza1Y3V2rtQJIiS0Gx4rGR0Q= ">AAACGnicbZDLSsNAFIYn9VbrLdqlm8EiuCqJCLosuHFZwV6gDWUyPWmHTi7MnIgh9E0Et/oa7sStG9/CR3DaZmFbDwx8/P858M /vJ1JodJxvq7SxubW9U96t7O0fHB7ZxydtHaeKQ4vHMlZdn2mQIoIWCpTQTRSw0JfQ8Se3M7/zCEqLOHrALAEvZKNIBIIzNNLArv YRnjDnQvFUIEURwnRg15y6Mx+6Dm4BNVJMc2D/9IcxT0OIkEumdc91EvRyplBwCdNKP9WQMD5hI+gZjFgI2svn4af03ChDGsTKv AjpXP17kbNQ6yz0zWbIcKxXvZn4r5eMMy24Nl5ByzkwuPFyESUpQsQXMYJUUozprCc6FAo4yswA40qYn1A+ZopxNG1WTEXuaiHr0 L6su07dvb+qNZyirDI5JWfkgrjkmjTIHWmSFuEkIy/klbxZz9a79WF9LlZLVnFTJUtjff0CrvGhqA==</latexit><latexit sha1_base64="r11Mza1Y3V2rtQJIiS0Gx4rGR0Q= ">AAACGnicbZDLSsNAFIYn9VbrLdqlm8EiuCqJCLosuHFZwV6gDWUyPWmHTi7MnIgh9E0Et/oa7sStG9/CR3DaZmFbDwx8/P858M /vJ1JodJxvq7SxubW9U96t7O0fHB7ZxydtHaeKQ4vHMlZdn2mQIoIWCpTQTRSw0JfQ8Se3M7/zCEqLOHrALAEvZKNIBIIzNNLArv YRnjDnQvFUIEURwnRg15y6Mx+6Dm4BNVJMc2D/9IcxT0OIkEumdc91EvRyplBwCdNKP9WQMD5hI+gZjFgI2svn4af03ChDGsTKv AjpXP17kbNQ6yz0zWbIcKxXvZn4r5eMMy24Nl5ByzkwuPFyESUpQsQXMYJUUozprCc6FAo4yswA40qYn1A+ZopxNG1WTEXuaiHr0 L6su07dvb+qNZyirDI5JWfkgrjkmjTIHWmSFuEkIy/klbxZz9a79WF9LlZLVnFTJUtjff0CrvGhqA==</latexit><latexit sha1_base64="r11Mza1Y3V2rtQJIiS0Gx4rGR0Q= ">AAACGnicbZDLSsNAFIYn9VbrLdqlm8EiuCqJCLosuHFZwV6gDWUyPWmHTi7MnIgh9E0Et/oa7sStG9/CR3DaZmFbDwx8/P858M /vJ1JodJxvq7SxubW9U96t7O0fHB7ZxydtHaeKQ4vHMlZdn2mQIoIWCpTQTRSw0JfQ8Se3M7/zCEqLOHrALAEvZKNIBIIzNNLArv YRnjDnQvFUIEURwnRg15y6Mx+6Dm4BNVJMc2D/9IcxT0OIkEumdc91EvRyplBwCdNKP9WQMD5hI+gZjFgI2svn4af03ChDGsTKv AjpXP17kbNQ6yz0zWbIcKxXvZn4r5eMMy24Nl5ByzkwuPFyESUpQsQXMYJUUozprCc6FAo4yswA40qYn1A+ZopxNG1WTEXuaiHr0 L6su07dvb+qNZyirDI5JWfkgrjkmjTIHWmSFuEkIy/klbxZz9a79WF9LlZLVnFTJUtjff0CrvGhqA==</latexit><latexit sha1_base64="r11Mza1Y3V2rtQJIiS0Gx4rGR0Q= ">AAACGnicbZDLSsNAFIYn9VbrLdqlm8EiuCqJCLosuHFZwV6gDWUyPWmHTi7MnIgh9E0Et/oa7sStG9/CR3DaZmFbDwx8/P858M /vJ1JodJxvq7SxubW9U96t7O0fHB7ZxydtHaeKQ4vHMlZdn2mQIoIWCpTQTRSw0JfQ8Se3M7/zCEqLOHrALAEvZKNIBIIzNNLArv YRnjDnQvFUIEURwnRg15y6Mx+6Dm4BNVJMc2D/9IcxT0OIkEumdc91EvRyplBwCdNKP9WQMD5hI+gZjFgI2svn4af03ChDGsTKv AjpXP17kbNQ6yz0zWbIcKxXvZn4r5eMMy24Nl5ByzkwuPFyESUpQsQXMYJUUozprCc6FAo4yswA40qYn1A+ZopxNG1WTEXuaiHr0 L6su07dvb+qNZyirDI5JWfkgrjkmjTIHWmSFuEkIy/klbxZz9a79WF9LlZLVnFTJUtjff0CrvGhqA==</latexit>
Figure 10
The quantum circuit in Figure 10 lies on the wormhole in Figure 11. The gates in the
quantum circuit that cannot be undone by Bob form the interior of Alice’s one-sided black
hole. We showed that if we trace the quantum circuit backward by scrambling time, we
encounter the gates belonging to Alice. This scrambling time is horizontal circuit time. We
mentioned before that there is identification between the circuit time and Bob’s boundary
time. As a result the Eddington-Finkelstein time of the RT surface also stays scrambling
time behind (Figure 11) as shown in [1, 2].
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Interior of two-sided BH
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Interior of Alice’ one-sided BH
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t⇤
<latexit sha1_base64="u xPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNA FIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJm LkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB 1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo 3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNop QfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP 2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xS Smfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbP hIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZ CvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGA IL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexi t><latexit sha1_base64="u xPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNA FIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJm LkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB 1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo 3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNop QfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP 2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xS Smfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbP hIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZ CvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGA IL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexi t><latexit sha1_base64="u xPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNA FIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJm LkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB 1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo 3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNop QfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP 2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xS Smfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbP hIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZ CvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGA IL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexi t><latexit sha1_base64="u xPZFpy0V1LCdqbShFZ605CiSlM=">AAACCHicbZDNSsNA FIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJm LkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB 1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo 3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNop QfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP 2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xS Smfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbP hIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZ CvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGA IL/AKb86z8+58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexi t>
Rad
<latexit sha1_base64="QvtMSa5+9jAE 6ww11w4CuiOmrAM=">AAACD3icbZDNSsNAFIVv/K31r+rSTbAIrkoigi4LblxWsT/Yh jKZTNqhk0mYuRFD6EMIbvU13IlbH8G38BGctlnY1gsDH+fcC2eOnwiu0XG+rZXVtfW NzdJWeXtnd2+/cnDY0nGqKGvSWMSq4xPNBJesiRwF6ySKkcgXrO2Prid++5EpzWN5j1 nCvIgMJA85JWikhx6yJ8zvSDDuV6pOzZmOvQxuAVUoptGv/PSCmKYRk0gF0brrOgl6O VHIqWDjci/VLCF0RAasa1CSiGkvnyYe26dGCewwVuZJtKfq34ucRFpnkW82I4JDveh NxH+9ZJhpTrXxCprPgeGVl3OZpMgkncUIU2FjbE/KsQOuGEWRGSBUcfMTmw6JIhRNhW VTkbtYyDK0zmuuU3NvL6p1pyirBMdwAmfgwiXU4QYa0AQKEl7gFd6sZ+vd+rA+Z6srV nFzBHNjff0CstWdcg==</latexit><latexit sha1_base64="QvtMSa5+9jAE 6ww11w4CuiOmrAM=">AAACD3icbZDNSsNAFIVv/K31r+rSTbAIrkoigi4LblxWsT/Yh jKZTNqhk0mYuRFD6EMIbvU13IlbH8G38BGctlnY1gsDH+fcC2eOnwiu0XG+rZXVtfW NzdJWeXtnd2+/cnDY0nGqKGvSWMSq4xPNBJesiRwF6ySKkcgXrO2Prid++5EpzWN5j1 nCvIgMJA85JWikhx6yJ8zvSDDuV6pOzZmOvQxuAVUoptGv/PSCmKYRk0gF0brrOgl6O VHIqWDjci/VLCF0RAasa1CSiGkvnyYe26dGCewwVuZJtKfq34ucRFpnkW82I4JDveh NxH+9ZJhpTrXxCprPgeGVl3OZpMgkncUIU2FjbE/KsQOuGEWRGSBUcfMTmw6JIhRNhW VTkbtYyDK0zmuuU3NvL6p1pyirBMdwAmfgwiXU4QYa0AQKEl7gFd6sZ+vd+rA+Z6srV nFzBHNjff0CstWdcg==</latexit><latexit sha1_base64="QvtMSa5+9jAE 6ww11w4CuiOmrAM=">AAACD3icbZDNSsNAFIVv/K31r+rSTbAIrkoigi4LblxWsT/Yh jKZTNqhk0mYuRFD6EMIbvU13IlbH8G38BGctlnY1gsDH+fcC2eOnwiu0XG+rZXVtfW NzdJWeXtnd2+/cnDY0nGqKGvSWMSq4xPNBJesiRwF6ySKkcgXrO2Prid++5EpzWN5j1 nCvIgMJA85JWikhx6yJ8zvSDDuV6pOzZmOvQxuAVUoptGv/PSCmKYRk0gF0brrOgl6O VHIqWDjci/VLCF0RAasa1CSiGkvnyYe26dGCewwVuZJtKfq34ucRFpnkW82I4JDveh NxH+9ZJhpTrXxCprPgeGVl3OZpMgkncUIU2FjbE/KsQOuGEWRGSBUcfMTmw6JIhRNhW VTkbtYyDK0zmuuU3NvL6p1pyirBMdwAmfgwiXU4QYa0AQKEl7gFd6sZ+vd+rA+Z6srV nFzBHNjff0CstWdcg==</latexit><latexit sha1_base64="QvtMSa5+9jAE 6ww11w4CuiOmrAM=">AAACD3icbZDNSsNAFIVv/K31r+rSTbAIrkoigi4LblxWsT/Yh jKZTNqhk0mYuRFD6EMIbvU13IlbH8G38BGctlnY1gsDH+fcC2eOnwiu0XG+rZXVtfW NzdJWeXtnd2+/cnDY0nGqKGvSWMSq4xPNBJesiRwF6ySKkcgXrO2Prid++5EpzWN5j1 nCvIgMJA85JWikhx6yJ8zvSDDuV6pOzZmOvQxuAVUoptGv/PSCmKYRk0gF0brrOgl6O VHIqWDjci/VLCF0RAasa1CSiGkvnyYe26dGCewwVuZJtKfq34ucRFpnkW82I4JDveh NxH+9ZJhpTrXxCprPgeGVl3OZpMgkncUIU2FjbE/KsQOuGEWRGSBUcfMTmw6JIhRNhW VTkbtYyDK0zmuuU3NvL6p1pyirBMdwAmfgwiXU4QYa0AQKEl7gFd6sZ+vd+rA+Z6srV nFzBHNjff0CstWdcg==</latexit>
t
<latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAa Sf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGc tlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387h PXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIG z+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJk FyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWx vn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAa Sf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGc tlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387h PXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIG z+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJk FyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWx vn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAa Sf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGc tlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387h PXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIG z+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJk FyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWx vn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAa Sf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGc tlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387h PXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIG z+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJk FyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWx vn6BTlfmVw=</latexit>
t⇤
<latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605Ci SlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/AR nLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/ XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xq GjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2j OUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3 xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605Ci SlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/AR nLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/ XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xq GjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2j OUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3 xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605Ci SlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/AR nLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/ XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xq GjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2j OUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3 xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605Ci SlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/AR nLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/ XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xq GjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2j OUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3 xzDwjhfv2Rtmfk=</latexit>
t⇤
<latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605Ci SlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/AR nLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/ XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xq GjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2j OUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3 xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605Ci SlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/AR nLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/ XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xq GjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2j OUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3 xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605Ci SlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/AR nLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/ XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xq GjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2j OUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3 xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605Ci SlM=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/AR nLZZ2NYLAx/n3AtnThBLYdB1v53C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/ XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBfKp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xq GjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cFnPg4MbPhIoT5IrNYwwSSTAi01ZIX2j OUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8+58OJ/z1YKT3 xzDwjhfv2Rtmfk=</latexit>
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Figure 11: The blue dot represents the RT surface.
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3.4 Growth of the island: Transition from two-sided to one-sided
black holes constantly happening
After another time step (thermal time), from Bob’s time evolution O(SBH) gates are
applied and stored on the circuit . Another c qubits go to the radiation. The part of the
circuits affected by these c qubits become Alice’s circuit. See figure 12.
two-sided black hole
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t⇤
<latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AA ACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v5 3C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBf Kp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cF nPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8 +58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AA ACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v5 3C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBf Kp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cF nPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8 +58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AA ACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v5 3C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBf Kp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cF nPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8 +58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AA ACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v5 3C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBf Kp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cF nPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8 +58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit>Alice’s one-sided black hole
<latexit sha1_base64="sshjQ KfoPS2xJSI20n303H4Xauw=">AAACKnicbVDLSgNBEJz1bXxFPXoZD KIXw64Ieox48ahgEiFZwuxsxwzOziwzveKy5AP8F8Gr/oa34NUP8BO cJHvwVdBQVHU33RWlUlj0/ZE3Mzs3v7C4tFxZWV1b36hubrWszgyHJ tdSm5uIWZBCQRMFSrhJDbAkktCO7s7HfvsejBVaXWOeQpiwWyX6gjN 0Uq9a6yI8YHEmBYd9S7WCQytiiGkkGb+jAy1h6Lr8uj8B/UuCktRI icte9bMba54loJBLZm0n8FMMC2ZQcLev0s0spG49u4WOo4olYMNi8s yQ7jklpn1tXCmkE/X7RMESa/Mkcp0Jw4H97Y3Ff710kFvBrfNK9vMO 7J+GhVBphqD49Ix+JilqOs6NxsIAR5k7wrgR7hPKB8wwji7dioso+B 3IX9I6qgd+Pbg6rjX8MqwlskN2yQEJyAlpkAtySZqEk0fyTF7Iq/fk vXkj733aOuOVM9vkB7yPLxqSp3s=</latexit><latexit sha1_base64="sshjQ KfoPS2xJSI20n303H4Xauw=">AAACKnicbVDLSgNBEJz1bXxFPXoZD KIXw64Ieox48ahgEiFZwuxsxwzOziwzveKy5AP8F8Gr/oa34NUP8BO cJHvwVdBQVHU33RWlUlj0/ZE3Mzs3v7C4tFxZWV1b36hubrWszgyHJ tdSm5uIWZBCQRMFSrhJDbAkktCO7s7HfvsejBVaXWOeQpiwWyX6gjN 0Uq9a6yI8YHEmBYd9S7WCQytiiGkkGb+jAy1h6Lr8uj8B/UuCktRI icte9bMba54loJBLZm0n8FMMC2ZQcLev0s0spG49u4WOo4olYMNi8s yQ7jklpn1tXCmkE/X7RMESa/Mkcp0Jw4H97Y3Ff710kFvBrfNK9vMO 7J+GhVBphqD49Ix+JilqOs6NxsIAR5k7wrgR7hPKB8wwji7dioso+B 3IX9I6qgd+Pbg6rjX8MqwlskN2yQEJyAlpkAtySZqEk0fyTF7Iq/fk vXkj733aOuOVM9vkB7yPLxqSp3s=</latexit><latexit sha1_base64="sshjQ KfoPS2xJSI20n303H4Xauw=">AAACKnicbVDLSgNBEJz1bXxFPXoZD KIXw64Ieox48ahgEiFZwuxsxwzOziwzveKy5AP8F8Gr/oa34NUP8BO cJHvwVdBQVHU33RWlUlj0/ZE3Mzs3v7C4tFxZWV1b36hubrWszgyHJ tdSm5uIWZBCQRMFSrhJDbAkktCO7s7HfvsejBVaXWOeQpiwWyX6gjN 0Uq9a6yI8YHEmBYd9S7WCQytiiGkkGb+jAy1h6Lr8uj8B/UuCktRI icte9bMba54loJBLZm0n8FMMC2ZQcLev0s0spG49u4WOo4olYMNi8s yQ7jklpn1tXCmkE/X7RMESa/Mkcp0Jw4H97Y3Ff710kFvBrfNK9vMO 7J+GhVBphqD49Ix+JilqOs6NxsIAR5k7wrgR7hPKB8wwji7dioso+B 3IX9I6qgd+Pbg6rjX8MqwlskN2yQEJyAlpkAtySZqEk0fyTF7Iq/fk vXkj733aOuOVM9vkB7yPLxqSp3s=</latexit><latexit sha1_base64="sshjQ KfoPS2xJSI20n303H4Xauw=">AAACKnicbVDLSgNBEJz1bXxFPXoZD KIXw64Ieox48ahgEiFZwuxsxwzOziwzveKy5AP8F8Gr/oa34NUP8BO cJHvwVdBQVHU33RWlUlj0/ZE3Mzs3v7C4tFxZWV1b36hubrWszgyHJ tdSm5uIWZBCQRMFSrhJDbAkktCO7s7HfvsejBVaXWOeQpiwWyX6gjN 0Uq9a6yI8YHEmBYd9S7WCQytiiGkkGb+jAy1h6Lr8uj8B/UuCktRI icte9bMba54loJBLZm0n8FMMC2ZQcLev0s0spG49u4WOo4olYMNi8s yQ7jklpn1tXCmkE/X7RMESa/Mkcp0Jw4H97Y3Ff710kFvBrfNK9vMO 7J+GhVBphqD49Ix+JilqOs6NxsIAR5k7wrgR7hPKB8wwji7dioso+B 3IX9I6qgd+Pbg6rjX8MqwlskN2yQEJyAlpkAtySZqEk0fyTF7Iq/fk vXkj733aOuOVM9vkB7yPLxqSp3s=</latexit>
t
<latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AA ACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/nd LG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHF R/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNge OvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+ Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AA ACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/nd LG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHF R/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNge OvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+ Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AA ACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/nd LG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHF R/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNge OvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+ Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AA ACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/nd LG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHF R/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNge OvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+ Vyslpzi5hSWxvn6BTlfmVw=</latexit>
circuit time
<latexit sha1_base64="r11Mza1Y3V2rtQJIiS0Gx4rGR0Q=">AA ACGnicbZDLSsNAFIYn9VbrLdqlm8EiuCqJCLosuHFZwV6gDWUyPWmHTi7MnIgh9E0Et/oa7sStG9/CR3DaZmFbDwx8/P858M/vJ1JodJxvq7 SxubW9U96t7O0fHB7ZxydtHaeKQ4vHMlZdn2mQIoIWCpTQTRSw0JfQ8Se3M7/zCEqLOHrALAEvZKNIBIIzNNLArvYRnjDnQvFUIEURwnRg15 y6Mx+6Dm4BNVJMc2D/9IcxT0OIkEumdc91EvRyplBwCdNKP9WQMD5hI+gZjFgI2svn4af03ChDGsTKvAjpXP17kbNQ6yz0zWbIcKxXvZn4r 5eMMy24Nl5ByzkwuPFyESUpQsQXMYJUUozprCc6FAo4yswA40qYn1A+ZopxNG1WTEXuaiHr0L6su07dvb+qNZyirDI5JWfkgrjkmjTIHWmSF uEkIy/klbxZz9a79WF9LlZLVnFTJUtjff0CrvGhqA==</latexit><latexit sha1_base64="r11Mza1Y3V2rtQJIiS0Gx4rGR0Q=">AA ACGnicbZDLSsNAFIYn9VbrLdqlm8EiuCqJCLosuHFZwV6gDWUyPWmHTi7MnIgh9E0Et/oa7sStG9/CR3DaZmFbDwx8/P858M/vJ1JodJxvq7 SxubW9U96t7O0fHB7ZxydtHaeKQ4vHMlZdn2mQIoIWCpTQTRSw0JfQ8Se3M7/zCEqLOHrALAEvZKNIBIIzNNLArvYRnjDnQvFUIEURwnRg15 y6Mx+6Dm4BNVJMc2D/9IcxT0OIkEumdc91EvRyplBwCdNKP9WQMD5hI+gZjFgI2svn4af03ChDGsTKvAjpXP17kbNQ6yz0zWbIcKxXvZn4r 5eMMy24Nl5ByzkwuPFyESUpQsQXMYJUUozprCc6FAo4yswA40qYn1A+ZopxNG1WTEXuaiHr0L6su07dvb+qNZyirDI5JWfkgrjkmjTIHWmSF uEkIy/klbxZz9a79WF9LlZLVnFTJUtjff0CrvGhqA==</latexit><latexit sha1_base64="r11Mza1Y3V2rtQJIiS0Gx4rGR0Q=">AA ACGnicbZDLSsNAFIYn9VbrLdqlm8EiuCqJCLosuHFZwV6gDWUyPWmHTi7MnIgh9E0Et/oa7sStG9/CR3DaZmFbDwx8/P858M/vJ1JodJxvq7 SxubW9U96t7O0fHB7ZxydtHaeKQ4vHMlZdn2mQIoIWCpTQTRSw0JfQ8Se3M7/zCEqLOHrALAEvZKNIBIIzNNLArvYRnjDnQvFUIEURwnRg15 y6Mx+6Dm4BNVJMc2D/9IcxT0OIkEumdc91EvRyplBwCdNKP9WQMD5hI+gZjFgI2svn4af03ChDGsTKvAjpXP17kbNQ6yz0zWbIcKxXvZn4r 5eMMy24Nl5ByzkwuPFyESUpQsQXMYJUUozprCc6FAo4yswA40qYn1A+ZopxNG1WTEXuaiHr0L6su07dvb+qNZyirDI5JWfkgrjkmjTIHWmSF uEkIy/klbxZz9a79WF9LlZLVnFTJUtjff0CrvGhqA==</latexit><latexit sha1_base64="r11Mza1Y3V2rtQJIiS0Gx4rGR0Q=">AA ACGnicbZDLSsNAFIYn9VbrLdqlm8EiuCqJCLosuHFZwV6gDWUyPWmHTi7MnIgh9E0Et/oa7sStG9/CR3DaZmFbDwx8/P858M/vJ1JodJxvq7 SxubW9U96t7O0fHB7ZxydtHaeKQ4vHMlZdn2mQIoIWCpTQTRSw0JfQ8Se3M7/zCEqLOHrALAEvZKNIBIIzNNLArvYRnjDnQvFUIEURwnRg15 y6Mx+6Dm4BNVJMc2D/9IcxT0OIkEumdc91EvRyplBwCdNKP9WQMD5hI+gZjFgI2svn4af03ChDGsTKvAjpXP17kbNQ6yz0zWbIcKxXvZn4r 5eMMy24Nl5ByzkwuPFyESUpQsQXMYJUUozprCc6FAo4yswA40qYn1A+ZopxNG1WTEXuaiHr0L6su07dvb+qNZyirDI5JWfkgrjkmjTIHWmSF uEkIy/klbxZz9a79WF9LlZLVnFTJUtjff0CrvGhqA==</latexit>
t⇤
<latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AA ACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v5 3C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBf Kp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cF nPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8 +58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AA ACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v5 3C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBf Kp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cF nPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8 +58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AA ACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v5 3C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBf Kp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cF nPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8 +58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit><latexit sha1_base64="uxPZFpy0V1LCdqbShFZ605CiSlM=">AA ACCHicbZDNSsNAFIVv6l+tf1WXbgaLIC5KIoIuC25cVrQ/0IYymU7boZNJmLkRQugLCG71NdyJW9/Ct/ARnLZZ2NYLAx/n3AtnThBLYdB1v5 3C2vrG5lZxu7Szu7d/UD48apoo0Yw3WCQj3Q6o4VIo3kCBkrdjzWkYSN4KxrdTv/XEtRGResQ05n5Ih0oMBKNopQfsXfTKFbfqzoasgpdDBf Kp98o/3X7EkpArZJIa0/HcGP2MahRM8kmpmxgeUzamQ96xqGjIjZ/Nok7ImVX6ZBBp+xSSmfr3IqOhMWkY2M2Q4sgse1PxXy8epUYwY72cF nPg4MbPhIoT5IrNYwwSSTAi01ZIX2jOUKYWKNPC/oSwEdWUoe2uZCvylgtZheZl1XOr3v1VpebmZRXhBE7hHDy4hhrcQR0awGAIL/AKb86z8 +58OJ/z1YKT3xzDwjhfv2Rtmfk=</latexit>
O(SBH) gates are applied by Bob
and stored here in one time step
<latexit sha1_base64="x1jMfBUr47Ooo4E2JN/DarcF3bk=">AA ACenicbVHbatwwEJXd28a9bdvHvohsCgmFxQ6F9jGkL3lrSrtJIF6WsTxei8iSkMYFY/yh+Yt+QKHVbvyQSwcEh3Nm0JkzhVXSU5peR/Gjx0 +ePpvsJM9fvHz1evrm7Zk3rRO4EEYZd1GARyU1LkiSwgvrEJpC4Xlx9XWjn/9C56XRP6mzuGxgrWUlBVCgVlOfF7iWuq9U62uFFQ3JXt4A1Q JU/23Y/7Hqj0+Ggz2+BkLPwSEHG4xhyYuOH5sizznoknsyLnA1hgapudHISTYYeLRJjrq89cNqOkvn6bb4Q5CNYMbGOl1Nf+elEW2DmoQC7 y+z1NKyB0dSKBySvPVoQVzBGi8D1NCgX/bbcAb+ITAlr4wLTxPfsrcnemi875oidG729ve1Dflfzdadl8IHbUR3fVD1ZdlLbVtCLW5sVK3iZ PjmDryUDgWpLgAQToZNuKjBgaBwrSRElN0P5CE4O5xn6Tz7fjg7SsewJuw922X7LGOf2RE7YadswQS7Zn+jSbQT/Yl344P4401rHI0z79id ij/9Aw3owao=</latexit><latexit sha1_base64="x1jMfBUr47Ooo4E2JN/DarcF3bk=">AA ACenicbVHbatwwEJXd28a9bdvHvohsCgmFxQ6F9jGkL3lrSrtJIF6WsTxei8iSkMYFY/yh+Yt+QKHVbvyQSwcEh3Nm0JkzhVXSU5peR/Gjx0 +ePpvsJM9fvHz1evrm7Zk3rRO4EEYZd1GARyU1LkiSwgvrEJpC4Xlx9XWjn/9C56XRP6mzuGxgrWUlBVCgVlOfF7iWuq9U62uFFQ3JXt4A1Q JU/23Y/7Hqj0+Ggz2+BkLPwSEHG4xhyYuOH5sizznoknsyLnA1hgapudHISTYYeLRJjrq89cNqOkvn6bb4Q5CNYMbGOl1Nf+elEW2DmoQC7 y+z1NKyB0dSKBySvPVoQVzBGi8D1NCgX/bbcAb+ITAlr4wLTxPfsrcnemi875oidG729ve1Dflfzdadl8IHbUR3fVD1ZdlLbVtCLW5sVK3iZ PjmDryUDgWpLgAQToZNuKjBgaBwrSRElN0P5CE4O5xn6Tz7fjg7SsewJuw922X7LGOf2RE7YadswQS7Zn+jSbQT/Yl344P4401rHI0z79id ij/9Aw3owao=</latexit><latexit sha1_base64="x1jMfBUr47Ooo4E2JN/DarcF3bk=">AA ACenicbVHbatwwEJXd28a9bdvHvohsCgmFxQ6F9jGkL3lrSrtJIF6WsTxei8iSkMYFY/yh+Yt+QKHVbvyQSwcEh3Nm0JkzhVXSU5peR/Gjx0 +ePpvsJM9fvHz1evrm7Zk3rRO4EEYZd1GARyU1LkiSwgvrEJpC4Xlx9XWjn/9C56XRP6mzuGxgrWUlBVCgVlOfF7iWuq9U62uFFQ3JXt4A1Q JU/23Y/7Hqj0+Ggz2+BkLPwSEHG4xhyYuOH5sizznoknsyLnA1hgapudHISTYYeLRJjrq89cNqOkvn6bb4Q5CNYMbGOl1Nf+elEW2DmoQC7 y+z1NKyB0dSKBySvPVoQVzBGi8D1NCgX/bbcAb+ITAlr4wLTxPfsrcnemi875oidG729ve1Dflfzdadl8IHbUR3fVD1ZdlLbVtCLW5sVK3iZ PjmDryUDgWpLgAQToZNuKjBgaBwrSRElN0P5CE4O5xn6Tz7fjg7SsewJuw922X7LGOf2RE7YadswQS7Zn+jSbQT/Yl344P4401rHI0z79id ij/9Aw3owao=</latexit><latexit sha1_base64="j4mXYoNGTp81F5Y2VJSr/gJ14LU=">AA AB93icbZDLSsNAGIX/1FuNVevazWARXJXEjS4FNy4r2Au0oUwmf9qhk0mYmRRC6NaFW1/DnfgwvoWP4LTNwrYeGDicMwNnvjATXBvP+3Zqe/ sHh0f1Y/ek4Z6enTcbPZ3mimGXpSJVg5BqFFxi13AjcJAppEkosB/OHpd9f45K81S+mCLDIKETyWPOqLFRZ9xseW1vJbJr/Mq0oNK4+TOKUp YnKA0TVOuh72UmKKkynAlcuKNcY0bZjE5waK2kCeqgXM1ckGubRCROlT3SkFX690VJE62LJLQ3E2qmertbhv922bTQnGnbVW5zh4nvg5LLL Dco2XpGnAtiUrIkQiKukBlRWEOZ4vYnhE2posxYbq4l5G/z2DW927bvtf1nD+pwCVdwAz7cwQM8QQe6wCCCN3h3Xp0P53NNsuZUSC9gQ87XL 9+4lpA=</latexit><latexit sha1_base64="FvWMmPktspd5aHA3ePz/NC25q3E=">AA ACb3icbVFNa9wwEJXdtN24SbPttReRD0gILHYu6bGkl9ya0mwSiJdlLI/XIrIkpHHBGP/Q/Iv+gEKr3ewhXwOCx3sj5s2bwirpKU3vo/jNxt t370ebyYet7Y87409bV960TuBUGGXcTQEeldQ4JUkKb6xDaAqF18Xd96V+/Rudl0ZfUmdx1sBCy0oKoEDNxz4vcCF1X6nW1worGpL9vAGqBa j+x3D4a96fnQ9H+3wBhJ6DQw42GMOSFx0/M0Wec9Al92Rc4GoMDVJzo5GTbDDwaJMcdflowny8l07SVfGXIFuDPbaui/n4T14a0TaoSSjw/ jZLLc16cCSFwiHJW48WxB0s8DZADQ36Wb8KZ+AHgSl5ZVx4mviKffyjh8b7rilC53Jv/1xbkq9qtu68FD5oa/TUB1VfZ73UtiXU4sFG1SpOh i/vwEvpUJDqAgDhZNiEixocCArXSkJE2fNAXoKrk0mWTrKfKRuxL2yXHbKMnbJv7JxdsCkT7J79i0bRZvQ33o2PHsKMo3Wqn9mTio//A7fl wNg=</latexit><latexit sha1_base64="FvWMmPktspd5aHA3ePz/NC25q3E=">AA ACb3icbVFNa9wwEJXdtN24SbPttReRD0gILHYu6bGkl9ya0mwSiJdlLI/XIrIkpHHBGP/Q/Iv+gEKr3ewhXwOCx3sj5s2bwirpKU3vo/jNxt t370ebyYet7Y87409bV960TuBUGGXcTQEeldQ4JUkKb6xDaAqF18Xd96V+/Rudl0ZfUmdx1sBCy0oKoEDNxz4vcCF1X6nW1worGpL9vAGqBa j+x3D4a96fnQ9H+3wBhJ6DQw42GMOSFx0/M0Wec9Al92Rc4GoMDVJzo5GTbDDwaJMcdflowny8l07SVfGXIFuDPbaui/n4T14a0TaoSSjw/ jZLLc16cCSFwiHJW48WxB0s8DZADQ36Wb8KZ+AHgSl5ZVx4mviKffyjh8b7rilC53Jv/1xbkq9qtu68FD5oa/TUB1VfZ73UtiXU4sFG1SpOh i/vwEvpUJDqAgDhZNiEixocCArXSkJE2fNAXoKrk0mWTrKfKRuxL2yXHbKMnbJv7JxdsCkT7J79i0bRZvQ33o2PHsKMo3Wqn9mTio//A7fl wNg=</latexit><latexit sha1_base64="cIJyh+Nhhgro3SITRGBMqDKdgQU=">AA ACenicbVHbatwwEJXd28a9bdvHvohsCgmFxQ6F9jGkL3lrSrtJIF6WsTxei8iSkMYFY/yh+Yt+QKHVbvyQSwcEh3Nm0JkzhVXSU5peR/Gjx0 +ePpvsJM9fvHz1evrm7Zk3rRO4EEYZd1GARyU1LkiSwgvrEJpC4Xlx9XWjn/9C56XRP6mzuGxgrWUlBVCgVlOfF7iWuq9U62uFFQ3JXt4A1Q JU/23Y/7Hqj0+Ggz2+BkLPwSEHG4xhyYuOH5sizznoknsyLnA1hgapudHISTYYeLRJjrq89cNqOkvn6bb4Q5CNYMbGOl1Nf+elEW2DmoQC7 y+z1NKyB0dSKBySvPVoQVzBGi8D1NCgX/bbcAb+ITAlr4wLTxPfsrcnemi875oidG729ve1Dflfzdadl8IHbUR3fVD1ZdlLbVtCLW5sVK3iZ PjmDryUDgWpLgAQToZNuKjBgaBwrSRElN0P5CE4O5xn6Tz7ns6O0jGsCXvPdtk+y9hndsRO2ClbMMGu2d9oEu1Ef+Ld+CD+eNMaR+PMO3an 4k//AA1Iwag=</latexit><latexit sha1_base64="x1jMfBUr47Ooo4E2JN/DarcF3bk=">AA ACenicbVHbatwwEJXd28a9bdvHvohsCgmFxQ6F9jGkL3lrSrtJIF6WsTxei8iSkMYFY/yh+Yt+QKHVbvyQSwcEh3Nm0JkzhVXSU5peR/Gjx0 +ePpvsJM9fvHz1evrm7Zk3rRO4EEYZd1GARyU1LkiSwgvrEJpC4Xlx9XWjn/9C56XRP6mzuGxgrWUlBVCgVlOfF7iWuq9U62uFFQ3JXt4A1Q JU/23Y/7Hqj0+Ggz2+BkLPwSEHG4xhyYuOH5sizznoknsyLnA1hgapudHISTYYeLRJjrq89cNqOkvn6bb4Q5CNYMbGOl1Nf+elEW2DmoQC7 y+z1NKyB0dSKBySvPVoQVzBGi8D1NCgX/bbcAb+ITAlr4wLTxPfsrcnemi875oidG729ve1Dflfzdadl8IHbUR3fVD1ZdlLbVtCLW5sVK3iZ PjmDryUDgWpLgAQToZNuKjBgaBwrSRElN0P5CE4O5xn6Tz7fjg7SsewJuw922X7LGOf2RE7YadswQS7Zn+jSbQT/Yl344P4401rHI0z79id ij/9Aw3owao=</latexit><latexit sha1_base64="x1jMfBUr47Ooo4E2JN/DarcF3bk=">AA ACenicbVHbatwwEJXd28a9bdvHvohsCgmFxQ6F9jGkL3lrSrtJIF6WsTxei8iSkMYFY/yh+Yt+QKHVbvyQSwcEh3Nm0JkzhVXSU5peR/Gjx0 +ePpvsJM9fvHz1evrm7Zk3rRO4EEYZd1GARyU1LkiSwgvrEJpC4Xlx9XWjn/9C56XRP6mzuGxgrWUlBVCgVlOfF7iWuq9U62uFFQ3JXt4A1Q JU/23Y/7Hqj0+Ggz2+BkLPwSEHG4xhyYuOH5sizznoknsyLnA1hgapudHISTYYeLRJjrq89cNqOkvn6bb4Q5CNYMbGOl1Nf+elEW2DmoQC7 y+z1NKyB0dSKBySvPVoQVzBGi8D1NCgX/bbcAb+ITAlr4wLTxPfsrcnemi875oidG729ve1Dflfzdadl8IHbUR3fVD1ZdlLbVtCLW5sVK3iZ PjmDryUDgWpLgAQToZNuKjBgaBwrSRElN0P5CE4O5xn6Tz7fjg7SsewJuw922X7LGOf2RE7YadswQS7Zn+jSbQT/Yl344P4401rHI0z79id ij/9Aw3owao=</latexit><latexit sha1_base64="x1jMfBUr47Ooo4E2JN/DarcF3bk=">AA ACenicbVHbatwwEJXd28a9bdvHvohsCgmFxQ6F9jGkL3lrSrtJIF6WsTxei8iSkMYFY/yh+Yt+QKHVbvyQSwcEh3Nm0JkzhVXSU5peR/Gjx0 +ePpvsJM9fvHz1evrm7Zk3rRO4EEYZd1GARyU1LkiSwgvrEJpC4Xlx9XWjn/9C56XRP6mzuGxgrWUlBVCgVlOfF7iWuq9U62uFFQ3JXt4A1Q JU/23Y/7Hqj0+Ggz2+BkLPwSEHG4xhyYuOH5sizznoknsyLnA1hgapudHISTYYeLRJjrq89cNqOkvn6bb4Q5CNYMbGOl1Nf+elEW2DmoQC7 y+z1NKyB0dSKBySvPVoQVzBGi8D1NCgX/bbcAb+ITAlr4wLTxPfsrcnemi875oidG729ve1Dflfzdadl8IHbUR3fVD1ZdlLbVtCLW5sVK3iZ PjmDryUDgWpLgAQToZNuKjBgaBwrSRElN0P5CE4O5xn6Tz7fjg7SsewJuw922X7LGOf2RE7YadswQS7Zn+jSbQT/Yl344P4401rHI0z79id ij/9Aw3owao=</latexit><latexit sha1_base64="x1jMfBUr47Ooo4E2JN/DarcF3bk=">AA ACenicbVHbatwwEJXd28a9bdvHvohsCgmFxQ6F9jGkL3lrSrtJIF6WsTxei8iSkMYFY/yh+Yt+QKHVbvyQSwcEh3Nm0JkzhVXSU5peR/Gjx0 +ePpvsJM9fvHz1evrm7Zk3rRO4EEYZd1GARyU1LkiSwgvrEJpC4Xlx9XWjn/9C56XRP6mzuGxgrWUlBVCgVlOfF7iWuq9U62uFFQ3JXt4A1Q JU/23Y/7Hqj0+Ggz2+BkLPwSEHG4xhyYuOH5sizznoknsyLnA1hgapudHISTYYeLRJjrq89cNqOkvn6bb4Q5CNYMbGOl1Nf+elEW2DmoQC7 y+z1NKyB0dSKBySvPVoQVzBGi8D1NCgX/bbcAb+ITAlr4wLTxPfsrcnemi875oidG729ve1Dflfzdadl8IHbUR3fVD1ZdlLbVtCLW5sVK3iZ PjmDryUDgWpLgAQToZNuKjBgaBwrSRElN0P5CE4O5xn6Tz7fjg7SsewJuw922X7LGOf2RE7YadswQS7Zn+jSbQT/Yl344P4401rHI0z79id ij/9Aw3owao=</latexit><latexit sha1_base64="x1jMfBUr47Ooo4E2JN/DarcF3bk=">AA ACenicbVHbatwwEJXd28a9bdvHvohsCgmFxQ6F9jGkL3lrSrtJIF6WsTxei8iSkMYFY/yh+Yt+QKHVbvyQSwcEh3Nm0JkzhVXSU5peR/Gjx0 +ePpvsJM9fvHz1evrm7Zk3rRO4EEYZd1GARyU1LkiSwgvrEJpC4Xlx9XWjn/9C56XRP6mzuGxgrWUlBVCgVlOfF7iWuq9U62uFFQ3JXt4A1Q JU/23Y/7Hqj0+Ggz2+BkLPwSEHG4xhyYuOH5sizznoknsyLnA1hgapudHISTYYeLRJjrq89cNqOkvn6bb4Q5CNYMbGOl1Nf+elEW2DmoQC7 y+z1NKyB0dSKBySvPVoQVzBGi8D1NCgX/bbcAb+ITAlr4wLTxPfsrcnemi875oidG729ve1Dflfzdadl8IHbUR3fVD1ZdlLbVtCLW5sVK3iZ PjmDryUDgWpLgAQToZNuKjBgaBwrSRElN0P5CE4O5xn6Tz7fjg7SsewJuw922X7LGOf2RE7YadswQS7Zn+jSbQT/Yl344P4401rHI0z79id ij/9Aw3owao=</latexit><latexit sha1_base64="x1jMfBUr47Ooo4E2JN/DarcF3bk=">AA ACenicbVHbatwwEJXd28a9bdvHvohsCgmFxQ6F9jGkL3lrSrtJIF6WsTxei8iSkMYFY/yh+Yt+QKHVbvyQSwcEh3Nm0JkzhVXSU5peR/Gjx0 +ePpvsJM9fvHz1evrm7Zk3rRO4EEYZd1GARyU1LkiSwgvrEJpC4Xlx9XWjn/9C56XRP6mzuGxgrWUlBVCgVlOfF7iWuq9U62uFFQ3JXt4A1Q JU/23Y/7Hqj0+Ggz2+BkLPwSEHG4xhyYuOH5sizznoknsyLnA1hgapudHISTYYeLRJjrq89cNqOkvn6bb4Q5CNYMbGOl1Nf+elEW2DmoQC7 y+z1NKyB0dSKBySvPVoQVzBGi8D1NCgX/bbcAb+ITAlr4wLTxPfsrcnemi875oidG729ve1Dflfzdadl8IHbUR3fVD1ZdlLbVtCLW5sVK3iZ PjmDryUDgWpLgAQToZNuKjBgaBwrSRElN0P5CE4O5xn6Tz7fjg7SsewJuw922X7LGOf2RE7YadswQS7Zn+jSbQT/Yl344P4401rHI0z79id ij/9Aw3owao=</latexit>
Bob gives c qubits to Alice
<latexit sha1_base64="X7UgKpK2OrSCeDci3fV7isIB/wU="> AAACRnicbVDLSgNBEOyN7/UV9ehlMAqewq4Xvfm6eFQwUTAhzE56k8HZ2XWmVwhLPsd/EbzqwZ8QL+LVSbIHXwUNRVU1dFeUKWkpCF6 9ytT0zOzc/IK/uLS8slpdW2/aNDcCGyJVqbmOuEUlNTZIksLrzCBPIoVX0e3pyL+6R2Nlqi9pkGE74T0tYyk4OalTPWxF2JO6iFVu+w pjGvonacR68h4t2xbb7C6PJFlGKTtWUqDfQt39lu5Ua0E9GIP9JWFJalDivFN9b3VTkSeoSShu7U0YZNQuuCEpFA79Vm4x4+KW9/DGU c0TtO1i/OiQ7Tily+LUuNHExur3jYIn1g6SyCUTTn372xuJ/3pZf2ClsM4r2c87KD5oF1JnOaEWkzPiXI1KGXXKutKgIDVwhAsj3SdM 9Lnhglzzvqso/F3IX9Lcq4dBPbzYqx0FZVnzsAlbsAsh7MMRnME5NEDAAzzBM7x4j96b9+F9TqIVr9zZgB+owBcMSLHr</latexit><latexit sha1_base64="X7UgKpK2OrSCeDci3fV7isIB/wU="> AAACRnicbVDLSgNBEOyN7/UV9ehlMAqewq4Xvfm6eFQwUTAhzE56k8HZ2XWmVwhLPsd/EbzqwZ8QL+LVSbIHXwUNRVU1dFeUKWkpCF6 9ytT0zOzc/IK/uLS8slpdW2/aNDcCGyJVqbmOuEUlNTZIksLrzCBPIoVX0e3pyL+6R2Nlqi9pkGE74T0tYyk4OalTPWxF2JO6iFVu+w pjGvonacR68h4t2xbb7C6PJFlGKTtWUqDfQt39lu5Ua0E9GIP9JWFJalDivFN9b3VTkSeoSShu7U0YZNQuuCEpFA79Vm4x4+KW9/DGU c0TtO1i/OiQ7Tily+LUuNHExur3jYIn1g6SyCUTTn372xuJ/3pZf2ClsM4r2c87KD5oF1JnOaEWkzPiXI1KGXXKutKgIDVwhAsj3SdM 9Lnhglzzvqso/F3IX9Lcq4dBPbzYqx0FZVnzsAlbsAsh7MMRnME5NEDAAzzBM7x4j96b9+F9TqIVr9zZgB+owBcMSLHr</latexit><latexit sha1_base64="X7UgKpK2OrSCeDci3fV7isIB/wU="> AAACRnicbVDLSgNBEOyN7/UV9ehlMAqewq4Xvfm6eFQwUTAhzE56k8HZ2XWmVwhLPsd/EbzqwZ8QL+LVSbIHXwUNRVU1dFeUKWkpCF6 9ytT0zOzc/IK/uLS8slpdW2/aNDcCGyJVqbmOuEUlNTZIksLrzCBPIoVX0e3pyL+6R2Nlqi9pkGE74T0tYyk4OalTPWxF2JO6iFVu+w pjGvonacR68h4t2xbb7C6PJFlGKTtWUqDfQt39lu5Ua0E9GIP9JWFJalDivFN9b3VTkSeoSShu7U0YZNQuuCEpFA79Vm4x4+KW9/DGU c0TtO1i/OiQ7Tily+LUuNHExur3jYIn1g6SyCUTTn372xuJ/3pZf2ClsM4r2c87KD5oF1JnOaEWkzPiXI1KGXXKutKgIDVwhAsj3SdM 9Lnhglzzvqso/F3IX9Lcq4dBPbzYqx0FZVnzsAlbsAsh7MMRnME5NEDAAzzBM7x4j96b9+F9TqIVr9zZgB+owBcMSLHr</latexit><latexit sha1_base64="X7UgKpK2OrSCeDci3fV7isIB/wU="> AAACRnicbVDLSgNBEOyN7/UV9ehlMAqewq4Xvfm6eFQwUTAhzE56k8HZ2XWmVwhLPsd/EbzqwZ8QL+LVSbIHXwUNRVU1dFeUKWkpCF6 9ytT0zOzc/IK/uLS8slpdW2/aNDcCGyJVqbmOuEUlNTZIksLrzCBPIoVX0e3pyL+6R2Nlqi9pkGE74T0tYyk4OalTPWxF2JO6iFVu+w pjGvonacR68h4t2xbb7C6PJFlGKTtWUqDfQt39lu5Ua0E9GIP9JWFJalDivFN9b3VTkSeoSShu7U0YZNQuuCEpFA79Vm4x4+KW9/DGU c0TtO1i/OiQ7Tily+LUuNHExur3jYIn1g6SyCUTTn372xuJ/3pZf2ClsM4r2c87KD5oF1JnOaEWkzPiXI1KGXXKutKgIDVwhAsj3SdM 9Lnhglzzvqso/F3IX9Lcq4dBPbzYqx0FZVnzsAlbsAsh7MMRnME5NEDAAzzBM7x4j96b9+F9TqIVr9zZgB+owBcMSLHr</latexit>
O(SBH) gates become part of Alice’ circuit
after one time step
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Figure 12
Correspondingly, the island belonging to the radiation grows and the RT surface moves
outward along the horizon. It always stays scrambling time behind [1, 2]. Figure 13 shows
what happens to the geometry after one time step. As the radiation process continues the
transitions from two-sided to one-sided black hole constantly happen. The growth of the
island is a result of such transitions.
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Bob’s time evolution in one time step
is stored here
<latexit sha1_base64="N0pGnkrqso3rb0j4fQVND5EDmQY=">A AACX3icbZHPTtwwEMa9oRQILU3pCXGxukLltEq4lCOCS48gdWElslo5zmRj4diRZ4K0ivbVeA+OSL0W8Qh4d3Pg30iWfvq+GWv8Oau1Q orj+16w9mn988bmVrj95evOt+j77iXaxkkYSqutG2UCQSsDQ1KkYVQ7EFWm4Sq7OVv4V7fgUFnzl2Y1jCsxNapQUpCXJtEozWCqTFvoB ksNBc3DU5v9Qk6qAg63VjeLRq4MtwZWKhLUacoVerIOcl6CgzAFk7+4ZhL140G8LP4ekg76rKvzSfSU5lY2FRiSWiBeJ3FN41Y4UlLDP EwbhFrIGzGFa49GVIDjdpnAnB94JeeFdf4Y4kv15UQrKsRZlfnOSlCJb72F+KFXlzNUEr3X0es9qDget8rUDYGRqzWKRnOyfBE2z5UDS XrmQUin/Eu4LIUTkvyXhD6i5G0g7+HyaJDEg+TiqH8Sd2Ftsn32kx2yhP1mJ+wPO2dDJtkd+8f+s8feQ7AR7ATRqjXodTM/2KsK9p4BNn a5wQ==</latexit><latexit sha1_base64="N0pGnkrqso3rb0j4fQVND5EDmQY=">A AACX3icbZHPTtwwEMa9oRQILU3pCXGxukLltEq4lCOCS48gdWElslo5zmRj4diRZ4K0ivbVeA+OSL0W8Qh4d3Pg30iWfvq+GWv8Oau1Q orj+16w9mn988bmVrj95evOt+j77iXaxkkYSqutG2UCQSsDQ1KkYVQ7EFWm4Sq7OVv4V7fgUFnzl2Y1jCsxNapQUpCXJtEozWCqTFvoB ksNBc3DU5v9Qk6qAg63VjeLRq4MtwZWKhLUacoVerIOcl6CgzAFk7+4ZhL140G8LP4ekg76rKvzSfSU5lY2FRiSWiBeJ3FN41Y4UlLDP EwbhFrIGzGFa49GVIDjdpnAnB94JeeFdf4Y4kv15UQrKsRZlfnOSlCJb72F+KFXlzNUEr3X0es9qDget8rUDYGRqzWKRnOyfBE2z5UDS XrmQUin/Eu4LIUTkvyXhD6i5G0g7+HyaJDEg+TiqH8Sd2Ftsn32kx2yhP1mJ+wPO2dDJtkd+8f+s8feQ7AR7ATRqjXodTM/2KsK9p4BNn a5wQ==</latexit><latexit sha1_base64="N0pGnkrqso3rb0j4fQVND5EDmQY=">A AACX3icbZHPTtwwEMa9oRQILU3pCXGxukLltEq4lCOCS48gdWElslo5zmRj4diRZ4K0ivbVeA+OSL0W8Qh4d3Pg30iWfvq+GWv8Oau1Q orj+16w9mn988bmVrj95evOt+j77iXaxkkYSqutG2UCQSsDQ1KkYVQ7EFWm4Sq7OVv4V7fgUFnzl2Y1jCsxNapQUpCXJtEozWCqTFvoB ksNBc3DU5v9Qk6qAg63VjeLRq4MtwZWKhLUacoVerIOcl6CgzAFk7+4ZhL140G8LP4ekg76rKvzSfSU5lY2FRiSWiBeJ3FN41Y4UlLDP EwbhFrIGzGFa49GVIDjdpnAnB94JeeFdf4Y4kv15UQrKsRZlfnOSlCJb72F+KFXlzNUEr3X0es9qDget8rUDYGRqzWKRnOyfBE2z5UDS XrmQUin/Eu4LIUTkvyXhD6i5G0g7+HyaJDEg+TiqH8Sd2Ftsn32kx2yhP1mJ+wPO2dDJtkd+8f+s8feQ7AR7ATRqjXodTM/2KsK9p4BNn a5wQ==</latexit><latexit sha1_base64="N0pGnkrqso3rb0j4fQVND5EDmQY=">A AACX3icbZHPTtwwEMa9oRQILU3pCXGxukLltEq4lCOCS48gdWElslo5zmRj4diRZ4K0ivbVeA+OSL0W8Qh4d3Pg30iWfvq+GWv8Oau1Q orj+16w9mn988bmVrj95evOt+j77iXaxkkYSqutG2UCQSsDQ1KkYVQ7EFWm4Sq7OVv4V7fgUFnzl2Y1jCsxNapQUpCXJtEozWCqTFvoB ksNBc3DU5v9Qk6qAg63VjeLRq4MtwZWKhLUacoVerIOcl6CgzAFk7+4ZhL140G8LP4ekg76rKvzSfSU5lY2FRiSWiBeJ3FN41Y4UlLDP EwbhFrIGzGFa49GVIDjdpnAnB94JeeFdf4Y4kv15UQrKsRZlfnOSlCJb72F+KFXlzNUEr3X0es9qDget8rUDYGRqzWKRnOyfBE2z5UDS XrmQUin/Eu4LIUTkvyXhD6i5G0g7+HyaJDEg+TiqH8Sd2Ftsn32kx2yhP1mJ+wPO2dDJtkd+8f+s8feQ7AR7ATRqjXodTM/2KsK9p4BNn a5wQ==</latexit>
One layer of the interior of two-sided black hole becomes
the interior of Alice’s one-sided black hole in one time step
<latexit sha1 _base64="uV/sS7QKLJZ3+1E5 zn6HDfXPae4=">AAACo3icbVF NT9wwFHQCbWn6taVHLk+sULl0 leylPVL1UqkHKGIBiUQrx3nZW Dh2ZL+Aomj/Sf9Y/0V/At7dHI DtnMYz78njcd4o6SiO/wbhzu6 Ll6/2Xkdv3r57/2H0cf/SmdYK nAmjjL3OuUMlNc5IksLrxiKvc 4VX+e2PlX91h9ZJoy+oazCr+U LLUgpOXpqP/qQ5LqTuS9W6SmF Jy+hUIyjeoQVTAlUIUhNaaTbn e/PFyQILyBUXt1AZhZCjMDW6N N0a/66kwM8OjMbttUjqlQEkaw RH2EQp6uJRlPloHE/iNWCbJAM ZswFn89G/tDCirVGTUNy5myRu KOu5JSkULqO0ddj4+/kCbzzV3 KfO+nWLSzjySgGlD14aTbBWH 2/0vHauq3M/WXOq3HNvJf7Xa6 rOSeG8N7CnOaj8lvVSNy2hFps YZauADKw+DAppUZDqPOHCSv8S EBW3XPiWXeQrSp4Xsk0up5Mkn iS/p+OTeChrjx2wQ3bMEvaVnb Cf7IzNmAjC4DhIgml4FP4Kz8O LzWgYDDuf2BOE2QMvTc9G</la texit><latexit sha1 _base64="uV/sS7QKLJZ3+1E5 zn6HDfXPae4=">AAACo3icbVF NT9wwFHQCbWn6taVHLk+sULl0 leylPVL1UqkHKGIBiUQrx3nZW Dh2ZL+Aomj/Sf9Y/0V/At7dHI DtnMYz78njcd4o6SiO/wbhzu6 Ll6/2Xkdv3r57/2H0cf/SmdYK nAmjjL3OuUMlNc5IksLrxiKvc 4VX+e2PlX91h9ZJoy+oazCr+U LLUgpOXpqP/qQ5LqTuS9W6SmF Jy+hUIyjeoQVTAlUIUhNaaTbn e/PFyQILyBUXt1AZhZCjMDW6N N0a/66kwM8OjMbttUjqlQEkaw RH2EQp6uJRlPloHE/iNWCbJAM ZswFn89G/tDCirVGTUNy5myRu KOu5JSkULqO0ddj4+/kCbzzV3 KfO+nWLSzjySgGlD14aTbBWH 2/0vHauq3M/WXOq3HNvJf7Xa6 rOSeG8N7CnOaj8lvVSNy2hFps YZauADKw+DAppUZDqPOHCSv8S EBW3XPiWXeQrSp4Xsk0up5Mkn iS/p+OTeChrjx2wQ3bMEvaVnb Cf7IzNmAjC4DhIgml4FP4Kz8O LzWgYDDuf2BOE2QMvTc9G</la texit><latexit sha1 _base64="uV/sS7QKLJZ3+1E5 zn6HDfXPae4=">AAACo3icbVF NT9wwFHQCbWn6taVHLk+sULl0 leylPVL1UqkHKGIBiUQrx3nZW Dh2ZL+Aomj/Sf9Y/0V/At7dHI DtnMYz78njcd4o6SiO/wbhzu6 Ll6/2Xkdv3r57/2H0cf/SmdYK nAmjjL3OuUMlNc5IksLrxiKvc 4VX+e2PlX91h9ZJoy+oazCr+U LLUgpOXpqP/qQ5LqTuS9W6SmF Jy+hUIyjeoQVTAlUIUhNaaTbn e/PFyQILyBUXt1AZhZCjMDW6N N0a/66kwM8OjMbttUjqlQEkaw RH2EQp6uJRlPloHE/iNWCbJAM ZswFn89G/tDCirVGTUNy5myRu KOu5JSkULqO0ddj4+/kCbzzV3 KfO+nWLSzjySgGlD14aTbBWH 2/0vHauq3M/WXOq3HNvJf7Xa6 rOSeG8N7CnOaj8lvVSNy2hFps YZauADKw+DAppUZDqPOHCSv8S EBW3XPiWXeQrSp4Xsk0up5Mkn iS/p+OTeChrjx2wQ3bMEvaVnb Cf7IzNmAjC4DhIgml4FP4Kz8O LzWgYDDuf2BOE2QMvTc9G</la texit><latexit sha1 _base64="uV/sS7QKLJZ3+1E5 zn6HDfXPae4=">AAACo3icbVF NT9wwFHQCbWn6taVHLk+sULl0 leylPVL1UqkHKGIBiUQrx3nZW Dh2ZL+Aomj/Sf9Y/0V/At7dHI DtnMYz78njcd4o6SiO/wbhzu6 Ll6/2Xkdv3r57/2H0cf/SmdYK nAmjjL3OuUMlNc5IksLrxiKvc 4VX+e2PlX91h9ZJoy+oazCr+U LLUgpOXpqP/qQ5LqTuS9W6SmF Jy+hUIyjeoQVTAlUIUhNaaTbn e/PFyQILyBUXt1AZhZCjMDW6N N0a/66kwM8OjMbttUjqlQEkaw RH2EQp6uJRlPloHE/iNWCbJAM ZswFn89G/tDCirVGTUNy5myRu KOu5JSkULqO0ddj4+/kCbzzV3 KfO+nWLSzjySgGlD14aTbBWH 2/0vHauq3M/WXOq3HNvJf7Xa6 rOSeG8N7CnOaj8lvVSNy2hFps YZauADKw+DAppUZDqPOHCSv8S EBW3XPiWXeQrSp4Xsk0up5Mkn iS/p+OTeChrjx2wQ3bMEvaVnb Cf7IzNmAjC4DhIgml4FP4Kz8O LzWgYDDuf2BOE2QMvTc9G</la texit>
c qubits come out as radiation
<latexit sha1_base64="CQGQ3SR9yoK9KD3Sy86mVOLEtxg=">A AACSXicbVBNS8NAFNzU7/hV9ehlsRU8lcSLHkUvHhVsFdpSNpuXdulmN+6+CCX0//hfBK/qv9CbeHLb5qDWgQfDzBt4b6JMCotB8OZVF haXlldW1/z1jc2t7erObsvq3HBoci21uYuYBSkUNFGghLvMAEsjCbfR8GLi3z6AsUKrGxxl0E1ZX4lEcIZO6lXPOxH0hSoSmduBhATHf p3X6X0eCbSU6xSozpEySw2LxTTkd0DFPwK9ai1oBFPQeRKWpEZKXPWq751Y8zwFhVwya9thkGG3YAYFlzD2O7mFjPEh60PbUcVSsN1i+ uuYHjolpok2bhTSqfozUbDU2lEauc2U4cD+9Sbiv142GFnBrfNK9vsOTE67hVBZjqD47IwklxQ1ndRKY2GAoxw5wrgR7hPKB8wwjq583 1UU/i1knrSOG2HQCK+Pa2dBWdYq2ScH5IiE5ISckUtyRZqEk0fyTF7Iq/fkfXif3tdsteKVmT3yC5WFb2hQs6I=</latexit><latexit sha1_base64="CQGQ3SR9yoK9KD3Sy86mVOLEtxg=">A AACSXicbVBNS8NAFNzU7/hV9ehlsRU8lcSLHkUvHhVsFdpSNpuXdulmN+6+CCX0//hfBK/qv9CbeHLb5qDWgQfDzBt4b6JMCotB8OZVF haXlldW1/z1jc2t7erObsvq3HBoci21uYuYBSkUNFGghLvMAEsjCbfR8GLi3z6AsUKrGxxl0E1ZX4lEcIZO6lXPOxH0hSoSmduBhATHf p3X6X0eCbSU6xSozpEySw2LxTTkd0DFPwK9ai1oBFPQeRKWpEZKXPWq751Y8zwFhVwya9thkGG3YAYFlzD2O7mFjPEh60PbUcVSsN1i+ uuYHjolpok2bhTSqfozUbDU2lEauc2U4cD+9Sbiv142GFnBrfNK9vsOTE67hVBZjqD47IwklxQ1ndRKY2GAoxw5wrgR7hPKB8wwjq583 1UU/i1knrSOG2HQCK+Pa2dBWdYq2ScH5IiE5ISckUtyRZqEk0fyTF7Iq/fkfXif3tdsteKVmT3yC5WFb2hQs6I=</latexit><latexit sha1_base64="CQGQ3SR9yoK9KD3Sy86mVOLEtxg=">A AACSXicbVBNS8NAFNzU7/hV9ehlsRU8lcSLHkUvHhVsFdpSNpuXdulmN+6+CCX0//hfBK/qv9CbeHLb5qDWgQfDzBt4b6JMCotB8OZVF haXlldW1/z1jc2t7erObsvq3HBoci21uYuYBSkUNFGghLvMAEsjCbfR8GLi3z6AsUKrGxxl0E1ZX4lEcIZO6lXPOxH0hSoSmduBhATHf p3X6X0eCbSU6xSozpEySw2LxTTkd0DFPwK9ai1oBFPQeRKWpEZKXPWq751Y8zwFhVwya9thkGG3YAYFlzD2O7mFjPEh60PbUcVSsN1i+ uuYHjolpok2bhTSqfozUbDU2lEauc2U4cD+9Sbiv142GFnBrfNK9vsOTE67hVBZjqD47IwklxQ1ndRKY2GAoxw5wrgR7hPKB8wwjq583 1UU/i1knrSOG2HQCK+Pa2dBWdYq2ScH5IiE5ISckUtyRZqEk0fyTF7Iq/fkfXif3tdsteKVmT3yC5WFb2hQs6I=</latexit><latexit sha1_base64="CQGQ3SR9yoK9KD3Sy86mVOLEtxg=">A AACSXicbVBNS8NAFNzU7/hV9ehlsRU8lcSLHkUvHhVsFdpSNpuXdulmN+6+CCX0//hfBK/qv9CbeHLb5qDWgQfDzBt4b6JMCotB8OZVF haXlldW1/z1jc2t7erObsvq3HBoci21uYuYBSkUNFGghLvMAEsjCbfR8GLi3z6AsUKrGxxl0E1ZX4lEcIZO6lXPOxH0hSoSmduBhATHf p3X6X0eCbSU6xSozpEySw2LxTTkd0DFPwK9ai1oBFPQeRKWpEZKXPWq751Y8zwFhVwya9thkGG3YAYFlzD2O7mFjPEh60PbUcVSsN1i+ uuYHjolpok2bhTSqfozUbDU2lEauc2U4cD+9Sbiv142GFnBrfNK9vsOTE67hVBZjqD47IwklxQ1ndRKY2GAoxw5wrgR7hPKB8wwjq583 1UU/i1knrSOG2HQCK+Pa2dBWdYq2ScH5IiE5ISckUtyRZqEk0fyTF7Iq/fkfXif3tdsteKVmT3yC5WFb2hQs6I=</latexit>
Figure 13: The blue dot represents the RT surface. It moves along the horizon and always
stays scrambling time behind.
Notice that the quantum circuits in Figure 6 and Figure 10 look the same. Figure 6
represents Alice’s time evolution while figure 10 represents the quantum circuit stored in
the wormhole on a spatial slice.
For the case of perturbed thermofield double, the extra qubits enter Alice’s side and
the scrambling computations are done on her side. After the extra qubits completely
scramble her subsystem, Alice’s computations completely belong to herself and Alice has
a one-sided black hole.
In the case of evaporating black hole after Page time, Bob’s black hole does all the
computations and stores the circuit on the wormhole connected to the radiation. When he
gives some of his qubits to Alice, this existing circuit stored on the wormhole will scramble
these qubits and part of the circuit becomes Alice’s interior despite that she didn’t do any
of the computations. In this sense, the appearance and growth of the island belonging to
the radiation is a transition from two-sided to one-sided black hole just like in the familiar
example of perturbed thermofield double.
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13
A Charged black hole geometry
In this paper, we used the property that if one perturbs two-sided black hole and waits
for scrambling time, it will become a one-sided black hole. However, if we start from
thermofield double of charged black holes, from the Penrose diagram it looks like no
matter how late Alice waits after throwing in the perturbation, Bob can always affect her
from the right side (Figure 14 (a)). Naively this seems to imply that in this case Alice
never gets her one-sided black hole. We study the geometry in more detail and see that is
not the case.
tw
<latexit sha1_base64="96X2 3WBG+K41U48aUJzyQ37PYTI=">AAACCHicbZDNSsNAFIVv6l+tf 1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249 S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH 5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxG rB8wS7kd0oEQoGEUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRl whk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfh LG2TyGZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xU EmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBV aF5UPbfq3V1Wam5eVhFO4BTOwYMrqMEt1KEBDAbwAq/w5jw7786 H8zlfLTj5zTEsjPP1C+InmkY=</latexit><latexit sha1_base64="96X2 3WBG+K41U48aUJzyQ37PYTI=">AAACCHicbZDNSsNAFIVv6l+tf 1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249 S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH 5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxG rB8wS7kd0oEQoGEUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRl whk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfh LG2TyGZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xU EmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBV aF5UPbfq3V1Wam5eVhFO4BTOwYMrqMEt1KEBDAbwAq/w5jw7786 H8zlfLTj5zTEsjPP1C+InmkY=</latexit><latexit sha1_base64="96X2 3WBG+K41U48aUJzyQ37PYTI=">AAACCHicbZDNSsNAFIVv6l+tf 1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249 S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH 5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxG rB8wS7kd0oEQoGEUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRl whk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfh LG2TyGZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xU EmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBV aF5UPbfq3V1Wam5eVhFO4BTOwYMrqMEt1KEBDAbwAq/w5jw7786 H8zlfLTj5zTEsjPP1C+InmkY=</latexit><latexit sha1_base64="96X2 3WBG+K41U48aUJzyQ37PYTI=">AAACCHicbZDNSsNAFIVv6l+tf 1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249 S18Cx/BaZuFbb0w8HHOvXDmBIkUBl332ymsrW9sbhW3Szu7e/sH 5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxG rB8wS7kd0oEQoGEUr3WPvqVeuuFV3NmQVvBwqkE+9V/7p9mOWRl whk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfh LG2TyGZqX8vxjQyJosCuxlRHJplbyr+6yXDzAhmrJfTYg4Mr/2xU EmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBV aF5UPbfq3V1Wam5eVhFO4BTOwYMrqMEt1KEBDAbwAq/w5jw7786 H8zlfLTj5zTEsjPP1C+InmkY=</latexit>
tw + t⇤
<latexit sha1_base64="mh4s IGtzGdiw/G1zPYuVEXSMoyI=">AAACDHicbZDNSsNAFIVv6l+tf 1WXbgaLIAolEUGXBTcuK9hWaEOYTCft0MkPMzdKCH0Fwa2+hjtx6 zv4Fj6C0zYL23ph4OOce+HM8RMpNNr2t1VaWV1b3yhvVra2d3b3 qvsHbR2nivEWi2WsHnyquRQRb6FAyR8SxWnoS97xRzcTv/PIlRZ xdI9Zwt2QDiIRCEbRSB30ns7RO/OqNbtuT4csg1NADYppetWfXj 9macgjZJJq3XXsBN2cKhRM8nGll2qeUDaiA941GNGQazefxh2TE 6P0SRAr8yIkU/XvRU5DrbPQN5shxaFe9Cbiv14yzLRg2ngFzefA4 NrNRZSkyCM2ixGkkmBMJs2QvlCcocwMUKaE+QlhQ6ooQ9NfxVTk LBayDO2LumPXnbvLWsMuyirDERzDKThwBQ24hSa0gMEIXuAV3qx n6936sD5nqyWruDmEubG+fgFguJuW</latexit><latexit sha1_base64="mh4s IGtzGdiw/G1zPYuVEXSMoyI=">AAACDHicbZDNSsNAFIVv6l+tf 1WXbgaLIAolEUGXBTcuK9hWaEOYTCft0MkPMzdKCH0Fwa2+hjtx6 zv4Fj6C0zYL23ph4OOce+HM8RMpNNr2t1VaWV1b3yhvVra2d3b3 qvsHbR2nivEWi2WsHnyquRQRb6FAyR8SxWnoS97xRzcTv/PIlRZ xdI9Zwt2QDiIRCEbRSB30ns7RO/OqNbtuT4csg1NADYppetWfXj 9macgjZJJq3XXsBN2cKhRM8nGll2qeUDaiA941GNGQazefxh2TE 6P0SRAr8yIkU/XvRU5DrbPQN5shxaFe9Cbiv14yzLRg2ngFzefA4 NrNRZSkyCM2ixGkkmBMJs2QvlCcocwMUKaE+QlhQ6ooQ9NfxVTk LBayDO2LumPXnbvLWsMuyirDERzDKThwBQ24hSa0gMEIXuAV3qx n6936sD5nqyWruDmEubG+fgFguJuW</latexit><latexit sha1_base64="mh4s IGtzGdiw/G1zPYuVEXSMoyI=">AAACDHicbZDNSsNAFIVv6l+tf 1WXbgaLIAolEUGXBTcuK9hWaEOYTCft0MkPMzdKCH0Fwa2+hjtx6 zv4Fj6C0zYL23ph4OOce+HM8RMpNNr2t1VaWV1b3yhvVra2d3b3 qvsHbR2nivEWi2WsHnyquRQRb6FAyR8SxWnoS97xRzcTv/PIlRZ xdI9Zwt2QDiIRCEbRSB30ns7RO/OqNbtuT4csg1NADYppetWfXj 9macgjZJJq3XXsBN2cKhRM8nGll2qeUDaiA941GNGQazefxh2TE 6P0SRAr8yIkU/XvRU5DrbPQN5shxaFe9Cbiv14yzLRg2ngFzefA4 NrNRZSkyCM2ixGkkmBMJs2QvlCcocwMUKaE+QlhQ6ooQ9NfxVTk LBayDO2LumPXnbvLWsMuyirDERzDKThwBQ24hSa0gMEIXuAV3qx n6936sD5nqyWruDmEubG+fgFguJuW</latexit><latexit sha1_base64="mh4s IGtzGdiw/G1zPYuVEXSMoyI=">AAACDHicbZDNSsNAFIVv6l+tf 1WXbgaLIAolEUGXBTcuK9hWaEOYTCft0MkPMzdKCH0Fwa2+hjtx6 zv4Fj6C0zYL23ph4OOce+HM8RMpNNr2t1VaWV1b3yhvVra2d3b3 qvsHbR2nivEWi2WsHnyquRQRb6FAyR8SxWnoS97xRzcTv/PIlRZ xdI9Zwt2QDiIRCEbRSB30ns7RO/OqNbtuT4csg1NADYppetWfXj 9macgjZJJq3XXsBN2cKhRM8nGll2qeUDaiA941GNGQazefxh2TE 6P0SRAr8yIkU/XvRU5DrbPQN5shxaFe9Cbiv14yzLRg2ngFzefA4 NrNRZSkyCM2ixGkkmBMJs2QvlCcocwMUKaE+QlhQ6ooQ9NfxVTk LBayDO2LumPXnbvLWsMuyirDERzDKThwBQ24hSa0gMEIXuAV3qx n6936sD5nqyWruDmEubG+fgFguJuW</latexit>
tL
<latexit sha1_base64="oN+w DfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf 1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7c etb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2 D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDY iUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWB JyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKn wwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7m VBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIh q9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6 dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+w DfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf 1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7c etb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2 D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDY iUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWB JyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKn wwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7m VBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIh q9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6 dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+w DfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf 1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7c etb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2 D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDY iUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWB JyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKn wwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7m VBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIh q9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6 dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+w DfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf 1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7c etb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2 D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDY iUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWB JyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKn wwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7m VBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIh q9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6 dD+dzvlpw8ptjWBjn6xeb8Zob</latexit>
tw
<latexit sha1_base64="96X23WBG+K41U48aUJzyQ37PYTI="> AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBI kUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oEQoGEUr3WPvqVeuu FV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfhLG2TyGZqX8vxjQyJosCuxlRHJp lbyr+6yXDzAhmrJfTYg4Mr/2xUEmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBVaF5UPbfq3V1Wam5eVhFO4BTOwY MrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit><latexit sha1_base64="96X23WBG+K41U48aUJzyQ37PYTI="> AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBI kUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oEQoGEUr3WPvqVeuu FV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfhLG2TyGZqX8vxjQyJosCuxlRHJp lbyr+6yXDzAhmrJfTYg4Mr/2xUEmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBVaF5UPbfq3V1Wam5eVhFO4BTOwY MrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit><latexit sha1_base64="96X23WBG+K41U48aUJzyQ37PYTI="> AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBI kUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oEQoGEUr3WPvqVeuu FV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfhLG2TyGZqX8vxjQyJosCuxlRHJp lbyr+6yXDzAhmrJfTYg4Mr/2xUEmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBVaF5UPbfq3V1Wam5eVhFO4BTOwY MrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit><latexit sha1_base64="96X23WBG+K41U48aUJzyQ37PYTI="> AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlRfsDbSiT6aQdOpmEmRsllL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBI kUBl332ymsrW9sbhW3Szu7e/sH5cOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrB8wS7kd0oEQoGEUr3WPvqVeuu FV3NmQVvBwqkE+9V/7p9mOWRlwhk9SYjucm6I+pRsEkn5S6qeEJZSM64B2Likbc+ONZ1Ak5s0qfhLG2TyGZqX8vxjQyJosCuxlRHJp lbyr+6yXDzAhmrJfTYg4Mr/2xUEmKXLF5jDCVBGMybYX0heYMZWaBMi3sTwgbUk0Z2u5KtiJvuZBVaF5UPbfq3V1Wam5eVhFO4BTOwY MrqMEt1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C+InmkY=</latexit>
t
<latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4="> AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkE hh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dn Q9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejP xXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30I B7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4="> AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkE hh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dn Q9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejP xXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30I B7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4="> AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkE hh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dn Q9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejP xXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30I B7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4="> AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkE hh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dn Q9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejP xXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30I B7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit>
t+ t
<latexit sha1_base64="Gtxw3p6KQqz0QuJKR7YNLgW59v4="> AAACD3icbZDNSsNAFIUn9a/Wv6pLN4NFEISSiKDLgi5cVrCt2IYymd60QyeTMHMjhNKHENzqa7gTtz6Cb+EjOG2zsK0XBj7OuRfOnC CRwqDrfjuFldW19Y3iZmlre2d3r7x/0DRxqjk0eCxj/RAwA1IoaKBACQ+JBhYFElrB8Hrit55AGxGre8wS8CPWVyIUnKGVHvGscwMSG cVuueJW3enQZfByqJB86t3yT6cX8zQChVwyY9qem6A/YhoFlzAudVIDCeND1oe2RcUiMP5omnhMT6zSo2Gs7VNIp+rfixGLjMmiwG5 GDAdm0ZuI/3rJIDOCG+vlNJ8Dwyt/JFSSIig+ixGmkmJMJ+XQntDAUWYWGNfC/oTyAdOMo62wZCvyFgtZhuZ51XOr3t1FpebmZRXJET kmp8Qjl6RGbkmdNAgniryQV/LmPDvvzofzOVstOPnNIZkb5+sXhKycuw==</latexit><latexit sha1_base64="Gtxw3p6KQqz0QuJKR7YNLgW59v4="> AAACD3icbZDNSsNAFIUn9a/Wv6pLN4NFEISSiKDLgi5cVrCt2IYymd60QyeTMHMjhNKHENzqa7gTtz6Cb+EjOG2zsK0XBj7OuRfOnC CRwqDrfjuFldW19Y3iZmlre2d3r7x/0DRxqjk0eCxj/RAwA1IoaKBACQ+JBhYFElrB8Hrit55AGxGre8wS8CPWVyIUnKGVHvGscwMSG cVuueJW3enQZfByqJB86t3yT6cX8zQChVwyY9qem6A/YhoFlzAudVIDCeND1oe2RcUiMP5omnhMT6zSo2Gs7VNIp+rfixGLjMmiwG5 GDAdm0ZuI/3rJIDOCG+vlNJ8Dwyt/JFSSIig+ixGmkmJMJ+XQntDAUWYWGNfC/oTyAdOMo62wZCvyFgtZhuZ51XOr3t1FpebmZRXJET kmp8Qjl6RGbkmdNAgniryQV/LmPDvvzofzOVstOPnNIZkb5+sXhKycuw==</latexit><latexit sha1_base64="Gtxw3p6KQqz0QuJKR7YNLgW59v4="> AAACD3icbZDNSsNAFIUn9a/Wv6pLN4NFEISSiKDLgi5cVrCt2IYymd60QyeTMHMjhNKHENzqa7gTtz6Cb+EjOG2zsK0XBj7OuRfOnC CRwqDrfjuFldW19Y3iZmlre2d3r7x/0DRxqjk0eCxj/RAwA1IoaKBACQ+JBhYFElrB8Hrit55AGxGre8wS8CPWVyIUnKGVHvGscwMSG cVuueJW3enQZfByqJB86t3yT6cX8zQChVwyY9qem6A/YhoFlzAudVIDCeND1oe2RcUiMP5omnhMT6zSo2Gs7VNIp+rfixGLjMmiwG5 GDAdm0ZuI/3rJIDOCG+vlNJ8Dwyt/JFSSIig+ixGmkmJMJ+XQntDAUWYWGNfC/oTyAdOMo62wZCvyFgtZhuZ51XOr3t1FpebmZRXJET kmp8Qjl6RGbkmdNAgniryQV/LmPDvvzofzOVstOPnNIZkb5+sXhKycuw==</latexit><latexit sha1_base64="Gtxw3p6KQqz0QuJKR7YNLgW59v4="> AAACD3icbZDNSsNAFIUn9a/Wv6pLN4NFEISSiKDLgi5cVrCt2IYymd60QyeTMHMjhNKHENzqa7gTtz6Cb+EjOG2zsK0XBj7OuRfOnC CRwqDrfjuFldW19Y3iZmlre2d3r7x/0DRxqjk0eCxj/RAwA1IoaKBACQ+JBhYFElrB8Hrit55AGxGre8wS8CPWVyIUnKGVHvGscwMSG cVuueJW3enQZfByqJB86t3yT6cX8zQChVwyY9qem6A/YhoFlzAudVIDCeND1oe2RcUiMP5omnhMT6zSo2Gs7VNIp+rfixGLjMmiwG5 GDAdm0ZuI/3rJIDOCG+vlNJ8Dwyt/JFSSIig+ixGmkmJMJ+XQntDAUWYWGNfC/oTyAdOMo62wZCvyFgtZhuZ51XOr3t1FpebmZRXJET kmp8Qjl6RGbkmdNAgniryQV/LmPDvvzofzOVstOPnNIZkb5+sXhKycuw==</latexit>
(a)
<latexit sha1_base64="Sjs4 6Jrs01MEzGeG1WIqcI0dJ40=">AAACCHicbZDNSsNAFIVv/K31r +rSzWAR6qYkIuiy4MZlRfsDbSiT6U07dDIJMxOhhL6A4FZfw5249 S18Cx/BaZuFbb0w8HHOvXDmBIng2rjut7O2vrG5tV3YKe7u7R8c lo6OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP 5aMYJ+hEdSB5yRo2VHir0olcqu1V3NmQVvBzKkE+9V/rp9mOWRi gNE1Trjucmxs+oMpwJnBS7qcaEshEdYMeipBFqP5tFnZBzq/RJG Cv7pCEz9e9FRiOtx1FgNyNqhnrZm4r/eslwrDnT1stpMYcJb/yMy yQ1KNk8RpgKYmIybYX0uUJmxNgCZYrbnxA2pIoyY7sr2oq85UJW oXlZ9dyqd39Vrrl5WQU4hTOogAfXUIM7qEMDGAzgBV7hzXl23p0 P53O+uubkNyewMM7XL+lSma4=</latexit><latexit sha1_base64="Sjs4 6Jrs01MEzGeG1WIqcI0dJ40=">AAACCHicbZDNSsNAFIVv/K31r +rSzWAR6qYkIuiy4MZlRfsDbSiT6U07dDIJMxOhhL6A4FZfw5249 S18Cx/BaZuFbb0w8HHOvXDmBIng2rjut7O2vrG5tV3YKe7u7R8c lo6OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP 5aMYJ+hEdSB5yRo2VHir0olcqu1V3NmQVvBzKkE+9V/rp9mOWRi gNE1Trjucmxs+oMpwJnBS7qcaEshEdYMeipBFqP5tFnZBzq/RJG Cv7pCEz9e9FRiOtx1FgNyNqhnrZm4r/eslwrDnT1stpMYcJb/yMy yQ1KNk8RpgKYmIybYX0uUJmxNgCZYrbnxA2pIoyY7sr2oq85UJW oXlZ9dyqd39Vrrl5WQU4hTOogAfXUIM7qEMDGAzgBV7hzXl23p0 P53O+uubkNyewMM7XL+lSma4=</latexit><latexit sha1_base64="Sjs4 6Jrs01MEzGeG1WIqcI0dJ40=">AAACCHicbZDNSsNAFIVv/K31r +rSzWAR6qYkIuiy4MZlRfsDbSiT6U07dDIJMxOhhL6A4FZfw5249 S18Cx/BaZuFbb0w8HHOvXDmBIng2rjut7O2vrG5tV3YKe7u7R8c lo6OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP 5aMYJ+hEdSB5yRo2VHir0olcqu1V3NmQVvBzKkE+9V/rp9mOWRi gNE1Trjucmxs+oMpwJnBS7qcaEshEdYMeipBFqP5tFnZBzq/RJG Cv7pCEz9e9FRiOtx1FgNyNqhnrZm4r/eslwrDnT1stpMYcJb/yMy yQ1KNk8RpgKYmIybYX0uUJmxNgCZYrbnxA2pIoyY7sr2oq85UJW oXlZ9dyqd39Vrrl5WQU4hTOogAfXUIM7qEMDGAzgBV7hzXl23p0 P53O+uubkNyewMM7XL+lSma4=</latexit><latexit sha1_base64="Sjs4 6Jrs01MEzGeG1WIqcI0dJ40=">AAACCHicbZDNSsNAFIVv/K31r +rSzWAR6qYkIuiy4MZlRfsDbSiT6U07dDIJMxOhhL6A4FZfw5249 S18Cx/BaZuFbb0w8HHOvXDmBIng2rjut7O2vrG5tV3YKe7u7R8c lo6OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP 5aMYJ+hEdSB5yRo2VHir0olcqu1V3NmQVvBzKkE+9V/rp9mOWRi gNE1Trjucmxs+oMpwJnBS7qcaEshEdYMeipBFqP5tFnZBzq/RJG Cv7pCEz9e9FRiOtx1FgNyNqhnrZm4r/eslwrDnT1stpMYcJb/yMy yQ1KNk8RpgKYmIybYX0uUJmxNgCZYrbnxA2pIoyY7sr2oq85UJW oXlZ9dyqd39Vrrl5WQU4hTOogAfXUIM7qEMDGAzgBV7hzXl23p0 P53O+uubkNyewMM7XL+lSma4=</latexit>
(b)
<latexit sha1_base64="LwljWD0jhxGUKpK8Nr7rYlZ/zus="> AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6aQdOpmEmRuhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBI kUBl3321lb39jc2i7sFHf39g8OS0fHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9FAJLnqls lt1Z0NWwcuhDPnUe6Wfbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YVDTixs9mUSfk3Cp9EsbaPoVkpv69yGhkzDgK7GZEcWi Wvan4r5cMx0YwY72cFnNgeONnQiUpcsXmMcJUEozJtBXSF5ozlGMLlGlhf0LYkGrK0HZXtBV5y4WsQvOy6rlV7/6qXHPzsgpwCmdQAQ +uoQZ3UIcGMBjAC7zCm/PsvDsfzud8dc3Jb05gYZyvX+r1ma8=</latexit><latexit sha1_base64="LwljWD0jhxGUKpK8Nr7rYlZ/zus="> AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6aQdOpmEmRuhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBI kUBl3321lb39jc2i7sFHf39g8OS0fHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9FAJLnqls lt1Z0NWwcuhDPnUe6Wfbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YVDTixs9mUSfk3Cp9EsbaPoVkpv69yGhkzDgK7GZEcWi Wvan4r5cMx0YwY72cFnNgeONnQiUpcsXmMcJUEozJtBXSF5ozlGMLlGlhf0LYkGrK0HZXtBV5y4WsQvOy6rlV7/6qXHPzsgpwCmdQAQ +uoQZ3UIcGMBjAC7zCm/PsvDsfzud8dc3Jb05gYZyvX+r1ma8=</latexit><latexit sha1_base64="LwljWD0jhxGUKpK8Nr7rYlZ/zus="> AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6aQdOpmEmRuhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBI kUBl3321lb39jc2i7sFHf39g8OS0fHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9FAJLnqls lt1Z0NWwcuhDPnUe6Wfbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YVDTixs9mUSfk3Cp9EsbaPoVkpv69yGhkzDgK7GZEcWi Wvan4r5cMx0YwY72cFnNgeONnQiUpcsXmMcJUEozJtBXSF5ozlGMLlGlhf0LYkGrK0HZXtBV5y4WsQvOy6rlV7/6qXHPzsgpwCmdQAQ +uoQZ3UIcGMBjAC7zCm/PsvDsfzud8dc3Jb05gYZyvX+r1ma8=</latexit><latexit sha1_base64="LwljWD0jhxGUKpK8Nr7rYlZ/zus="> AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6aQdOpmEmRuhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBI kUBl3321lb39jc2i7sFHf39g8OS0fHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9FAJLnqls lt1Z0NWwcuhDPnUe6Wfbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YVDTixs9mUSfk3Cp9EsbaPoVkpv69yGhkzDgK7GZEcWi Wvan4r5cMx0YwY72cFnNgeONnQiUpcsXmMcJUEozJtBXSF5ozlGMLlGlhf0LYkGrK0HZXtBV5y4WsQvOy6rlV7/6qXHPzsgpwCmdQAQ +uoQZ3UIcGMBjAC7zCm/PsvDsfzud8dc3Jb05gYZyvX+r1ma8=</latexit>
A
<latexit sha1_base64="JFBF eePZNkAZE6LJObb08IuYmB4=">AAACDXicbZDNSsNAFIUn/tb6V 3XpZrAIrkpSBF1W3LisYH+gDWUyvWmHTiZh5kYsoc8guNXXcCduf Qbfwkdw2mZhWy8MfJxzL5w5QSKFQdf9dtbWNza3tgs7xd29/YPD 0tFx08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoduq3HkEbEas HHCfgR2ygRCg4Qyu1uwhPmN1MeqWyW3FnQ1fBy6FM8qn3Sj/dfs zTCBRyyYzpeG6CfsY0Ci5hUuymBhLGR2wAHYuKRWD8bJZ3Qs+t0 qdhrO1TSGfq34uMRcaMo8BuRgyHZtmbiv96yXBsBDfWy2kxB4bXf iZUkiIoPo8RppJiTKfV0L7QwFGOLTCuhf0J5UOmGUdbYNFW5C0X sgrNasVzK979ZblWzcsqkFNyRi6IR65IjdyROmkQTiR5Ia/kzXl 23p0P53O+uubkNydkYZyvXwS/nIo=</latexit><latexit sha1_base64="JFBF eePZNkAZE6LJObb08IuYmB4=">AAACDXicbZDNSsNAFIUn/tb6V 3XpZrAIrkpSBF1W3LisYH+gDWUyvWmHTiZh5kYsoc8guNXXcCduf Qbfwkdw2mZhWy8MfJxzL5w5QSKFQdf9dtbWNza3tgs7xd29/YPD 0tFx08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoduq3HkEbEas HHCfgR2ygRCg4Qyu1uwhPmN1MeqWyW3FnQ1fBy6FM8qn3Sj/dfs zTCBRyyYzpeG6CfsY0Ci5hUuymBhLGR2wAHYuKRWD8bJZ3Qs+t0 qdhrO1TSGfq34uMRcaMo8BuRgyHZtmbiv96yXBsBDfWy2kxB4bXf iZUkiIoPo8RppJiTKfV0L7QwFGOLTCuhf0J5UOmGUdbYNFW5C0X sgrNasVzK979ZblWzcsqkFNyRi6IR65IjdyROmkQTiR5Ia/kzXl 23p0P53O+uubkNydkYZyvXwS/nIo=</latexit><latexit sha1_base64="JFBF eePZNkAZE6LJObb08IuYmB4=">AAACDXicbZDNSsNAFIUn/tb6V 3XpZrAIrkpSBF1W3LisYH+gDWUyvWmHTiZh5kYsoc8guNXXcCduf Qbfwkdw2mZhWy8MfJxzL5w5QSKFQdf9dtbWNza3tgs7xd29/YPD 0tFx08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoduq3HkEbEas HHCfgR2ygRCg4Qyu1uwhPmN1MeqWyW3FnQ1fBy6FM8qn3Sj/dfs zTCBRyyYzpeG6CfsY0Ci5hUuymBhLGR2wAHYuKRWD8bJZ3Qs+t0 qdhrO1TSGfq34uMRcaMo8BuRgyHZtmbiv96yXBsBDfWy2kxB4bXf iZUkiIoPo8RppJiTKfV0L7QwFGOLTCuhf0J5UOmGUdbYNFW5C0X sgrNasVzK979ZblWzcsqkFNyRi6IR65IjdyROmkQTiR5Ia/kzXl 23p0P53O+uubkNydkYZyvXwS/nIo=</latexit><latexit sha1_base64="JFBF eePZNkAZE6LJObb08IuYmB4=">AAACDXicbZDNSsNAFIUn/tb6V 3XpZrAIrkpSBF1W3LisYH+gDWUyvWmHTiZh5kYsoc8guNXXcCduf Qbfwkdw2mZhWy8MfJxzL5w5QSKFQdf9dtbWNza3tgs7xd29/YPD 0tFx08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoduq3HkEbEas HHCfgR2ygRCg4Qyu1uwhPmN1MeqWyW3FnQ1fBy6FM8qn3Sj/dfs zTCBRyyYzpeG6CfsY0Ci5hUuymBhLGR2wAHYuKRWD8bJZ3Qs+t0 qdhrO1TSGfq34uMRcaMo8BuRgyHZtmbiv96yXBsBDfWy2kxB4bXf iZUkiIoPo8RppJiTKfV0L7QwFGOLTCuhf0J5UOmGUdbYNFW5C0X sgrNasVzK979ZblWzcsqkFNyRi6IR65IjdyROmkQTiR5Ia/kzXl 23p0P53O+uubkNydkYZyvXwS/nIo=</latexit>
B<latexit sha1_base64="4Eniufw16le4Lc6tvnSmm4q05Ko="> AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkpSBF0W3bisYH+gDWUyvWmHTiZh5kYsoc8guNXXcCdufQbfwkdw2mZhWy8MfJxzL5w5QS KFQdf9dtbWNza3tgs7xd29/YPD0tFx08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoduq3HkEbEasHHCfgR2ygRCg4Qyu1uwhPmN1Me qWyW3FnQ1fBy6FM8qn3Sj/dfszTCBRyyYzpeG6CfsY0Ci5hUuymBhLGR2wAHYuKRWD8bJZ3Qs+t0qdhrO1TSGfq34uMRcaMo8BuRgy HZtmbiv96yXBsBDfWy2kxB4bXfiZUkiIoPo8RppJiTKfV0L7QwFGOLTCuhf0J5UOmGUdbYNFW5C0XsgrNasVzK979ZblWzcsqkFNyRi 6IR65IjdyROmkQTiR5Ia/kzXl23p0P53O+uubkNydkYZyvXwZinIs=</latexit><latexit sha1_base64="4Eniufw16le4Lc6tvnSmm4q05Ko="> AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkpSBF0W3bisYH+gDWUyvWmHTiZh5kYsoc8guNXXcCdufQbfwkdw2mZhWy8MfJxzL5w5QS KFQdf9dtbWNza3tgs7xd29/YPD0tFx08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoduq3HkEbEasHHCfgR2ygRCg4Qyu1uwhPmN1Me qWyW3FnQ1fBy6FM8qn3Sj/dfszTCBRyyYzpeG6CfsY0Ci5hUuymBhLGR2wAHYuKRWD8bJZ3Qs+t0qdhrO1TSGfq34uMRcaMo8BuRgy HZtmbiv96yXBsBDfWy2kxB4bXfiZUkiIoPo8RppJiTKfV0L7QwFGOLTCuhf0J5UOmGUdbYNFW5C0XsgrNasVzK979ZblWzcsqkFNyRi 6IR65IjdyROmkQTiR5Ia/kzXl23p0P53O+uubkNydkYZyvXwZinIs=</latexit><latexit sha1_base64="4Eniufw16le4Lc6tvnSmm4q05Ko="> AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkpSBF0W3bisYH+gDWUyvWmHTiZh5kYsoc8guNXXcCdufQbfwkdw2mZhWy8MfJxzL5w5QS KFQdf9dtbWNza3tgs7xd29/YPD0tFx08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoduq3HkEbEasHHCfgR2ygRCg4Qyu1uwhPmN1Me qWyW3FnQ1fBy6FM8qn3Sj/dfszTCBRyyYzpeG6CfsY0Ci5hUuymBhLGR2wAHYuKRWD8bJZ3Qs+t0qdhrO1TSGfq34uMRcaMo8BuRgy HZtmbiv96yXBsBDfWy2kxB4bXfiZUkiIoPo8RppJiTKfV0L7QwFGOLTCuhf0J5UOmGUdbYNFW5C0XsgrNasVzK979ZblWzcsqkFNyRi 6IR65IjdyROmkQTiR5Ia/kzXl23p0P53O+uubkNydkYZyvXwZinIs=</latexit><latexit sha1_base64="4Eniufw16le4Lc6tvnSmm4q05Ko="> AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkpSBF0W3bisYH+gDWUyvWmHTiZh5kYsoc8guNXXcCdufQbfwkdw2mZhWy8MfJxzL5w5QS KFQdf9dtbWNza3tgs7xd29/YPD0tFx08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoduq3HkEbEasHHCfgR2ygRCg4Qyu1uwhPmN1Me qWyW3FnQ1fBy6FM8qn3Sj/dfszTCBRyyYzpeG6CfsY0Ci5hUuymBhLGR2wAHYuKRWD8bJZ3Qs+t0qdhrO1TSGfq34uMRcaMo8BuRgy HZtmbiv96yXBsBDfWy2kxB4bXfiZUkiIoPo8RppJiTKfV0L7QwFGOLTCuhf0J5UOmGUdbYNFW5C0XsgrNasVzK979ZblWzcsqkFNyRi 6IR65IjdyROmkQTiR5Ia/kzXl23p0P53O+uubkNydkYZyvXwZinIs=</latexit> B<latexit sha1_base64="4Eniufw16le4Lc6tvnSmm4q05Ko="> AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkpSBF0W3bisYH+gDWUyvWmHTiZh5kYsoc8guNXXcCdufQbfwkdw2mZhWy8MfJxzL5w5QS KFQdf9dtbWNza3tgs7xd29/YPD0tFx08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoduq3HkEbEasHHCfgR2ygRCg4Qyu1uwhPmN1Me qWyW3FnQ1fBy6FM8qn3Sj/dfszTCBRyyYzpeG6CfsY0Ci5hUuymBhLGR2wAHYuKRWD8bJZ3Qs+t0qdhrO1TSGfq34uMRcaMo8BuRgy HZtmbiv96yXBsBDfWy2kxB4bXfiZUkiIoPo8RppJiTKfV0L7QwFGOLTCuhf0J5UOmGUdbYNFW5C0XsgrNasVzK979ZblWzcsqkFNyRi 6IR65IjdyROmkQTiR5Ia/kzXl23p0P53O+uubkNydkYZyvXwZinIs=</latexit><latexit sha1_base64="4Eniufw16le4Lc6tvnSmm4q05Ko="> AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkpSBF0W3bisYH+gDWUyvWmHTiZh5kYsoc8guNXXcCdufQbfwkdw2mZhWy8MfJxzL5w5QS KFQdf9dtbWNza3tgs7xd29/YPD0tFx08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoduq3HkEbEasHHCfgR2ygRCg4Qyu1uwhPmN1Me qWyW3FnQ1fBy6FM8qn3Sj/dfszTCBRyyYzpeG6CfsY0Ci5hUuymBhLGR2wAHYuKRWD8bJZ3Qs+t0qdhrO1TSGfq34uMRcaMo8BuRgy HZtmbiv96yXBsBDfWy2kxB4bXfiZUkiIoPo8RppJiTKfV0L7QwFGOLTCuhf0J5UOmGUdbYNFW5C0XsgrNasVzK979ZblWzcsqkFNyRi 6IR65IjdyROmkQTiR5Ia/kzXl23p0P53O+uubkNydkYZyvXwZinIs=</latexit><latexit sha1_base64="4Eniufw16le4Lc6tvnSmm4q05Ko="> AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkpSBF0W3bisYH+gDWUyvWmHTiZh5kYsoc8guNXXcCdufQbfwkdw2mZhWy8MfJxzL5w5QS KFQdf9dtbWNza3tgs7xd29/YPD0tFx08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoduq3HkEbEasHHCfgR2ygRCg4Qyu1uwhPmN1Me qWyW3FnQ1fBy6FM8qn3Sj/dfszTCBRyyYzpeG6CfsY0Ci5hUuymBhLGR2wAHYuKRWD8bJZ3Qs+t0qdhrO1TSGfq34uMRcaMo8BuRgy HZtmbiv96yXBsBDfWy2kxB4bXfiZUkiIoPo8RppJiTKfV0L7QwFGOLTCuhf0J5UOmGUdbYNFW5C0XsgrNasVzK979ZblWzcsqkFNyRi 6IR65IjdyROmkQTiR5Ia/kzXl23p0P53O+uubkNydkYZyvXwZinIs=</latexit><latexit sha1_base64="4Eniufw16le4Lc6tvnSmm4q05Ko="> AAACDXicbZDNSsNAFIUn/tb6V3XpZrAIrkpSBF0W3bisYH+gDWUyvWmHTiZh5kYsoc8guNXXcCdufQbfwkdw2mZhWy8MfJxzL5w5QS KFQdf9dtbWNza3tgs7xd29/YPD0tFx08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoduq3HkEbEasHHCfgR2ygRCg4Qyu1uwhPmN1Me qWyW3FnQ1fBy6FM8qn3Sj/dfszTCBRyyYzpeG6CfsY0Ci5hUuymBhLGR2wAHYuKRWD8bJZ3Qs+t0qdhrO1TSGfq34uMRcaMo8BuRgy HZtmbiv96yXBsBDfWy2kxB4bXfiZUkiIoPo8RppJiTKfV0L7QwFGOLTCuhf0J5UOmGUdbYNFW5C0XsgrNasVzK979ZblWzcsqkFNyRi 6IR65IjdyROmkQTiR5Ia/kzXl23p0P53O+uubkNydkYZyvXwZinIs=</latexit>
A
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Figure 14
In Figure 14 (b), as we increase t, both the entanglement region (orange region) and
Alice’s entanglement wedge (red region) grow. Following [7] we look at the time dependence
of the spacetime volume of these regions. To simply calculations, we work in the following
metric in Eddington-Finkelstein coordinates.
ds2 = −f(r)(du∗)2 + 2du∗dr
where f(r) = (r−r+)(r−r−)
l2
. The perturbation induces a shift in Kruskal coordinates by
α = ∆S
S−S0 e
− 2pi
β
tw where ∆S is the entropy brought in by the perturbation [12].
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We have
dVolred(t)
dt
dVolorange(t)
dt
+ dVolred(t)
dt
=
∆S
S−S0 e
2pi
β
(t−tw)
1 + ∆S
S−S0 e
2pi
β
(t−tw) =
e
2pi
β
(t−tw−t∗)
1 + e
2pi
β
(t−tw−t∗) (A.1)
With S−S0
∆S
large, (A.1) is almost a step function. We see that after tw + t∗ almost all
of the increase of spacetime volume is in the red region. Despite the look of the Penrose
diagram, the total spacetime volume of the orange region with Eddington-Finkelstein time
larger than tw is finite. The orange region stops growing, which is consistent with the fact
Alice’s computations can no longer be undone by Bob after scrambling. The red region
belonging to Alice grows linearly in time.
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